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Effect of nurse-led intervention on knowledge
and preventive behavior of diabetic pregnant
women regarding COVID-19 associated
mucromycosis infection in mid-delta region

of Egypt

Marwa A. Shahin'3, Mira M. Abu-Elenin®*" and Hanan E. Nada'

Abstract

Background Black fungus (mycoses) is an opportunistic invasive infection that predominantly occurred among
immunosuppressed persons. It has been recently detected in COVID-19 patients. The pregnant diabetic woman is
susceptible to such infections and needs recognition for protection. This study aimed to evaluate the effect of the
nurse-led intervention on the knowledge and preventive practice of diabetic pregnant women regarding fungal
mycosis during the COVID-19 pandemic.

Method This quasi-experimental study was conducted at maternal health care centers in Shebin El-Kom, Menoufia
Governorate, Egypt. The study recruited 73 diabetic pregnant women through a systematic random sampling of
pregnant women attending the maternity clinic during the period of the study. A structured interview questionnaire
was used to measure their knowledge regarding Mucormycosis and COVID-19 manifestations. The preventive
practices were assessed through an observational checklist of hygienic practice, insulin administration, and blood
glucose monitoring for the prevention of Mucormycosis infection.

Results The study revealed a statistically significant increment in the participants'knowledge, preventive practice,
personal hygiene, and diabetes self-care scores (9.56+1.75,3.6+1.18, 3.18 + 1.29 post-intervention) comparable to
(6.19+1.66,1.97+1.35,0.89+ 1.38 pre-intervention) respectively. There was a significant improvement in the overall
COVID-19 protective score against Mucormycosis (from 2.66+1.74 to 453 +1.43).

Conclusion Nursing educational sessions had a positive effect on pregnant women’s awareness and preventive
behavior. Hence, it is recommended to integrate nurse-led intervention targeting the preventive practice against
COVID-19-associated Mucormycosis infection (CAM) as routine services for diabetic pregnant women during
antenatal care.
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Introduction

The emergence of the novel coronavirus (COVID-19)
started at the end of 2019 and is still a global public
health threat. COVID-19 is a highly contagious disease
with high mortality rates. The excess COVID-19 death is
directly attributed to the virus and indirectly to the dis-
rupted basic health services as well as travel restrictions.
It is exceptionally higher in patients with chronic medi-
cal conditions like diabetes mellitus (DM). Mucormycosis
has been evoked as a serious hazard to health during and
post COVID-19 infection. It is also called the “Black Fun-
gus”, which was detected mainly among diabetic patients
infected with COVID-19 [1].

Mucormycosis is an invasive fungal infection caused by
species of the Mucorales class. The reservoir of infection
includes contaminated soil and decaying organic material
such as fruit and vegetables. The most virulent patho-
genic genera are Rhizopus, Lichtheimia, and Mucor [2].

There is a variation in the clinical presentation of
Mucormycosis as it progressively invades the body sys-
tems, skin, paranasal sinuses, orbits, lungs, kidneys,
central nervous and gastrointestinal systems The patho-
genesis induced by these fungal spores relies on two
factors: (a) The portal of entry to the body, mainly by
respiratory, foodborne followed by contact infection;
(b) The medical condition of the infected host. World-
wide, diabetes mellitus is the most significant disease in
Mucormycosis infected cases. As well as, immunocom-
promised (organ transplanted patients and neoplasm)
[3]. Pregnancy is considered a state of partial immuno-
suppression, and several cases of Mucormycosis during
pregnancy have been reported. Most cases presented
with rhino-cerebral lesions and seldom involvement of
the gastrointestinal tract [4].

Globally, the invasive Mucormycosis is more prevalent
in India (55.5% ) and the MENA Region; Egypt (17.8%),
Iran (9.9%), and Turkey (6.3%) where there is an increase
in the number of people suffering from predisposing
diseases, especially uncontrolled DM, and the real prev-
alence of Mucormycosis is still underestimated. Its preva-
lence is associated with tropical and subtropical climate
zones, particularly during the autumn season [5].

Glucocorticoids are used to treat patients with the
coronavirus disease through inhibition of the Janus
kinase inhibitors or IL-6 receptor inhibitors which induce
life-threatening opportunistic infections including inva-
sive mycoses, unexplained immunosuppression and lym-
phopenia leading to poor outcomes [6].

Moreover, it is thought the SARS Cov 2 virus causes
lesions in the tissue of the respiratory airways and the
vascular system, which raises the vulnerability of patients
to fungal infection. As well as, the rise in blood Ferritin
levels during COVID-19 infection provides an enriched
medium for the growth and reproduction of the fungus,
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and undeniably the disordered metabolic profile worsens
the prognosis [7].

Recently, there are two published case reports of
patients who developed Rhino-orbital Mycosis; propto-
sis, ophthalmo-plegia, and restricted eye movement;
both were COVID-19-infected patients who were suffer-
ing from metabolic ketoacidosis and hyperglycemia. One
of them died 1 week after admission to the ICU [8, 9].

Previous literature described the epidemiological pat-
tern of Mucormycosis in Egypt of a relatively high inci-
dence rate. Especially with the increased number of
patients with uncontrolled blood sugar due to limited
healthcare resources directed for DM management.
The shortage of surveillance systems, poor awareness
of health providers about fungal infections, and lack of
communication between physicians, pathologists, and
microbiologists in healthcare settings might interfere
with identifying the actual incidence of Mucormycosis
[10].

Mucormycosis was declared a health emergency, there-
fore early detection is crucial for the management of the
disease. Eradication of Mucormycosis entails controlling
risk factors such as observed immunosuppressive drug
intake, disordered metabolic profile, lack of neutrophils
in the blood, and uptake of desferrioxamine. As well, the
proper surgical removal of infected tissue and prompt
antifungal therapy are helpful [11].

COVID-19 has infected billions of people with 3 mil-
lion mortalities in more than 200 countries through
repeated waves of outbreaks [11]. There has been an
increase in Mucormycosis infection rate in COVID-19
patients during repetitive waves [12]. During the first
wave, the prevalence of Mucormycosis increased by
about 2.1 folds, comparable to the pre- previous year
[13]. The documented susceptibility factors for the “Black
Fungus” in COVID patients include poor control of
blood sugar and prolonged intake of corticosteroids in
high doses, as well other potential risk factors as demon-
strated in Fig. (1) [13—15].

Nurses are essential healthcare providers since they
protect - outpatients against respiratory tract infections
and enhance the a sanitary hygienic environment [16].
The prolonged contact nursing staff with patients enables
them to improve patients’ knowledge, and attitudes, and
acquire competent practices regarding the prevention
and control of infectious diseases [17].

The significance of the study is attributed to the rela-
tive importance of nursing leadership in health promo-
tion, as reported by the Center for Disease Control and
Prevention (CDC) that nursing bodies have a vital role
in prevention of aerosol-born infections through direct-
ing patients to the precautionary strategies and ensur-
ing their adherence [16]. This study shed the light on
the necessity of providing nursing-based programs to
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Potential risk factors for COVID-19 associated mucormycosis
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Fig. 1 The potential predisposing factors of COVID-19 associated with Mucormycosis quoted from Aranjani et al. 2021 [15]

Available at : https://doi.org/10.1371/journal.pntd.0009921.g001

recede the susceptibility to Black fungus infection asso-
ciated with COVID-19 among pregnant diabetic women
in rural areas. Especially, there are no specific programs
implemented yet in Egypt regarding CAM infection as a
part of the maternal health promotion strategies.

The main aim of this study was to evaluate the effect of
the nurse-led intervention on knowledge and preventive
practice among Egyptian diabetic pregnant women with

COVID-19 infection-associated Mucromycosis (CAM)
in the rural community. As well as, to improve their per-
ception and behavior to protect themselves against such
infection.

Research hypothesis
The nurse-led intervention regarding (CAM) infection
would improve the knowledge level of diabetic pregnant
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women. Besides, their diabetic self-care and preventive
practice against CAM infection would be promoted com-
pared to their prior-intervention level.

Methods

Study design

A quasi-experimental design was deployed for this study;
a pre and post-interventional study where participants
enrolled in five educational sessions. The outcome vari-
ables were assessed before and after the intervention.

Study setting

The study was conducted in Shebin El-Kom, Menoufia
Governorate which is located in the Mid Delta Region
of Egypt. There are two main Maternal and Child Health
(MCH) care centers related to the ministry of health
and population. The MCH centers provide integrated
maternal and child health services for the population
residing within 20 Km surround. Each center receives
about 25-35 pregnant females per day, seeking antenatal
healthcare services, out of whom about 3 to 4 are diabetic
women.

Sample
A systematic random sampling technique was followed
to recruit every 3rd diabetic pregnant woman who ful-
filled the inclusion criteria and attended the clinic during
the period of the study from March to May 2021.
Number 3 was randomly selected by the research-
ers using a lottery method. Two days of data collection
were determined according to the investigators’ working
schedule.

The inclusion and exclusion criteria for enrollment of the
study participants are shown in Table 1

Sample size calculation
Fischer’s formula below was used to calculate the sample
size of the study [18].

Z*P(1 — P)
e

n

Table 1 Inclusion and exclusion criteria of studied participants
Inclusion criteria

Exclusion criteria

- Diabetic pregnant women aged
from 18 to 35 years old with pre-
existing diabetes (type 1 or type 2)
when admitted to maternity units.

« Pregnant women during the first
and second trimesters of pregnancy.

- Pregnant women who are
diagnosed with mental illness
according to their antenatal
evaluation and records.

- Pregnant women who refused
to participate in the study.

- Pregnant women who regis-
tered for antennal care during
the 3rd trimester
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n = Sample size (where population>10,000).

Z =Normal deviation at the desired confidence inter-
val. In this case, it will be taken at 95%, Z value at 95% is
(1.96).

P =Proportion of the population with the desired char-
acteristic. Based on the review of literature that examined
the same outcomes, the proportion of the population was
(0.75) [19].

Q (1-P)=Proportion of the population without the
desired characteristic.

d® = Degree of precision; will be taken to be 10%.

_ (1.96)?x0.75(1—0.75)
- (0.1)%
n = 72.03 approximately 73 participants

Pilot study

We conducted a pilot study on 10% of the study sample
(8 diabetic pregnant women) of the total sample to ascer-
tain the comprehensibility and applicability of both mea-
suring tools and educational sessions. As well, as the
appropriateness of time allocated needed to complete the
nurse-led intervention. Regarding the analyzed results
of the pilot study, some modifications were performed
accordingly.

Data collection measures and scoring system
The researchers utilized three measuring tools for data
collection, which included the followings:

Measure I: An Interviewing Questionnaire: it was
structured by the authors after reviewing similar litera-
ture and it is sectioned into 3 parts:

Part I: Included bio-sociodemographic data: woman’s
age, telephone number, educational level, and Body Mass
Index [20].

Part II: Included past and present history of any
chronic diseases like hypertension, renal diseases, obesity
& thyroid diseases.

Part III: Included obstetric history: gravidity, parity,
abortion, gestational age in weeks, and regularity of ante-
natal care.

Measure II: Knowledge Assessment Questionnaire
(Pre & Post-tests):

Part 1: Knowledge regarding Mucormycosis based on
the Global Guidelines for the Diagnosis and Management
of Mucormycosis [21]. It is composed of 6 questions
assessing the pregnant women’s knowledge regarding
Mucormycosis’ definition, causes, symptoms, risk, fac-
tors, complications, and management.

Part II: Knowledge regarding COVID-19 manifestation
based on the Centre for Disease Control and Prevention
(CDC) Guidelines for Pregnant Women [22]. It assessed
the knowledge about maternal signs and symptoms of
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COVID-19 infection as cough, shortness of breath, an
increase in temperature, muscle pain, sore throat, and
new loss of taste or smell [23]. Scores were given as fol-
lows ; “1” for the correct answer, and “0” for either incor-
rect and I don’t know answers.

Measure III: Preventive Practice Questionnaire (Pre
& Post-tests):

Part I: Preventive Practice regarding Mucormycosis
based on the Global Guidelines for the Diagnosis and
Management of Mucormycosis [21]. It included 7 items
assessing the diabetic pregnant women’s practice of pre-
ventive behavior against Mucormycosis: using masks
if you are visiting dusty sites, wearing shoes, putting on
long trousers, long sleeve shirts while handling soil (gar-
dening), moss, or manure, wearing gloves when handling
materials such as soil, moss, or manure, maintaining per-
sonal hygiene including a thorough scrub bath, cleaning
skin injuries well with soap and water, especially if they
have been exposed to soil or dust and considering warn-
ing signs and symptoms of Mucormycosis, Not consider-
ing all the cases with a blocked nose as cases of bacterial
sinusitis, particularly in the context of immunosuppres-
sion and/or COVID-19 patients [24].

Part 11: Preventive Practice for Maintenance of Good
Diabetes Mellitus Control for Prevention of Mucormyco-
sis based on the Global Guideline for the Diagnosis and
Management of Mucormycosis [21]. It included 5 items:
regular medical follow-up for diabetes, regular blood
glucose measurement, taking prescribed medication, fol-
lowing a prescribed (optimal) diet, and practicing regular
physical activity such as walking.

Part III: Preventive practices of COVID-19- precau-
tions for prevention of fungal mycosis based on the Cen-
tre for Disease Control and Prevention (CDC) Guidelines
for Pregnant Women [22]. It included 9 items: wearing a
mask in crowded outdoor settings and with close contact
with others who are not fully vaccinated, keeping a safe
space between yourself and others (staying at least 6 feet
away, which is about 2 arm lengths), avoidance of crowds
and poorly ventilated indoor spaces, washing hands or
using a hand sanitizer with at least 60% alcohol, avoid-
ance touching eyes, nose, and mouth with unwashed
hands, covering coughs and sneezes with a tissue or the
inside of your elbow, then wash hands, taking COVID-
19-vaccine, cleaning high touch surfaces regularly or as
needed, and monitoring the health status daily e.g. watch
for fever, cough, shortness of breath, or other symptoms
of COVID-19.

Preventive behavior tool scoring was measured as fol-
lows; the items observed to be adequately done were
scored “1’, and the items not adequately done or not done
were scored “0”.

Measure IV: Direct Observational Checklist for
Mucormycosis Preventive Practice.
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Part I: Observational checklist of personal hygienic
practices for prevention of COVID-19-associated
Mucormycosis (CAM), based on the Centre for Disease
Control and Prevention (CDC) Guidelines for pregnant
women [22]. It checked for 3 procedures: (a) Handwash-
ing technique (b) Respiratory protection as wearing of
cloth face-covering (c) Removal and disposal of respira-
tory protectors.

Part II: An observational checklist of diabetes control
including items related to insulin administration and
blood glucose monitoring for diabetic control for Mucor-
mycosis prevention [25].

The items observed to be competent scored “1”, while
non-competent or not done were scored “0” The total
score for knowledge and practice of preventive behaviors
were summed up and averaged.

Validity and reliability of the study measures

Face and content validity were performed for the study
tools through 5 professional experts in the field of obstet-
rical nursing. The required modifications were done
to ensure the relevance and integrity of the study mea-
sures. Test-retest reliability and internal consistency of
the study tools were computed using Cronbach’s alpha
coefficients. The study measures revealed reliability at
Cronbach’s alpha 0.831 for Measure (II), 0.784 for Mea-
sure (III), and 0.761 for measure (IV). The tools were
translated into Arabic language and reviewed by an
Arabic language expert then retranslated into the Eng-
lish language to ensure the accuracy and integrity of the
questions.

Data collection procedures

To be more acquainted with the problem the proper
study methodology, the researchers reviewed the current
local and international published literature. The practical
fieldwork was carried out from the beginning of March to
the end of May 2021, related to the outbreak of the third
wave of coronavirus and the emergence of fungal Mucor-
mycosis. Each researcher went to the study settings for
two days/ week; during the day shift (8.00 am —2.00 pm).
The researchers introduced themselves to the medical
and nursing staff members before obtaining administra-
tive approval. The researchers explained the nature and
the purpose of the study to the managers and the staff
who expressed their full cooperation.

The authors conducted the research in the following phases
consecutively

5.1. Assessment Phase:

The researchers met each pregnant woman individually,
introduced themselves to the women, and obtained
their consent to be enrolled in the study after
explaining the purpose of the study. Telephone



Shahin et al. BMC Nursing (2023) 22:175

numbers were taken to facilitate communication and

follow-up. We collected their bio-sociodemographic

data, obstetric history, and assessed their knowledge
level, preventive behavior practices regarding

COVID-associated Mucormycosis (CAM), hygienic

practice, and diabetes control before the intervention

by measures I, I, III, and IV. Each woman’s
assessment phase took about 20-25 minutes.

5.2.  Planning Phase:

The researchers prepared educational material based
on evidence from literatures [21-30] (Appendix A)
covering the following:

+ Fungal Mucormycosis : definition, causes,
symptoms, risk factors, complications, prevention
and management.

+ COVID-19 precautions, maternal signs and
symptoms of COVID-19 infection.

« Principles of diabetic self-care practice.

Guiding booklets, pamphlets, and educational videos
were prepared in a simple and attractive way to

Table 2 Bio-Sociodemographic characteristics of the study
participants (n=73 participants)

Variables N=73
No %
Sociode- Agein years -18-20 4 55
mograph- -21-24 22 30.1
ic data -25-30 28 384
-31-35 19 26.0
(Mean+SD) 2657+4418
Education - Read & Write 22 30.1
- Secondary 29 39.7
- University 22 30.1
BMI (kg/m?) (Mean +5SD) 26.74+532
before
pregnancy
Chronic disease - Yes 22 30.1
other than -No 51 69.9
diabetes
If yes, mention - Anemia 4 55
this disease? - Hypertension 15 20.5
- Renal diseases 0 0.0
- Thyroid diseases 0 0.0
- Obesity 3 4.1
Obstetric  Gravidity -1 4 55
history -2 28 384
-3 27 370
->3 14 19.2
Parity - Null para 7 9.6
- Multi para 66 904
Abortion - None 60 82.2
- Once or more 13 178
Gestational age - 8-12 weeks 14 19.2
in weeks - 13- 20 weeks 59 80.8
(Mean=SD) 15.77+3.30
Regularity - Yes 28 384
of antenatal -No 45 61.6

follow-up
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facilitate explanation and to be used as a handout
for reference.

5.3. Implementation Phase:

The researchers conducted the educational sessions
according to the participants’ needs derived from
the pretest interview. The researchers provide
four educational sessions as follows: Knowledge
regarding fungal mycosis as well as COVID-19 signs
and symptoms (one session). Preventive practices
regarding Mucormycotic (three sessions). Each
session lasted for 30—40 min. One session was
given every week through a face-to-face meeting
with 2—3 women, using data show presentation in
a well-prepared small hall at the MCH centers. For
the woman who missed any session, the researchers
repeated the missed one in the week after; when
she comes or whenever she comes to complete the
intervention. Sessions’ contents and guidelines are
provided in Appendix A.

5.4.  Evaluation Phase:

Post-intervention assessment of knowledge level,
preventive practices regarding COVID associated
Mucormycosis (CAM), hygienic and diabetes control
practices was done 3 months after the intervention
using measures II and IV.

Statistical analysis

Data analysis was performed using the IBM Statistical
Package for the Social Sciences (SPSS) version 23. Quali-
tative variables were presented as numbers and percent-
ages, while quantitative ones were described as mean and
standard deviation. Paired t-test and ANOVA tests were
used to compare the means of normally distributed data.
Wilcoxon rank test and Kruskal Wallis test were used
instead for non-parametric data. The Mcnemar test was
used to evaluate paired categorical variables. Spearman
correlation coefficient (,;,,) was used for non- parametric
data. p-value <0.05 was considered significant.

Results

Table 2 showed that the mean age of the study partici-
pants was 27.361+1.25 years old, and more than one third
attained secondary education level (39%). The mean BMI
before pregnancy was 26.74+5.32 kg/m? While the mean
gestational age in weeks was 15.77+3.3 and the majority
were multipara.

Table 3 revealed a highly statistically significant
increase in the proportion of correct answers reported by
the participants to all knowledge items after the interven-
tions when compared to the pre-intervention responses.
The mean knowledge score was increased from 6.19+1.6
pre-intervention to  9.56%f1.75  post-intervention
(p<0.001) as shown in Fig. (2).
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Table 3 Assessment of Knowledge regarding Mucormycosis and COVID-19 manifestation (n=73 participants)
Variables Pre Intervention Three Months Post p-value?
Intervention
No % No %
Knowledge regarding  The definition of - Correct 15 20.5 51 69.9 <0.001
Mucormycosis Mucormycosis - Incorrect/l don't 58 79.5 22 30.1
Know
The causes of - Correct 12 164 43 589 <0.001
Mucormycosis - Incorrect 61 83.6 30 411
The symptoms of - Correct 14 19.2 47 64.4 <0.001
Mucormycosis - Incorrect 59 80.8 26 356
The risk factors of - Correct 10 137 58 79.5 <0.001
Mucormycosis - Incorrect 63 86.3 15 20.5
The complications of - Correct 7 9.6 39 534 <0.001
Mucormycosis - Incorrect 66 90.4 34 46.6
The management of - Correct 13 17.8 51 69.9 <0.001
Mucormycosis - Incorrect 60 82.2 22 30.1
Knowledge about Cough - Correct 66 904 73 100 0016
maternal signs and - Incorrect 7 96 0 0
symptoms of COVID-  Shortness of breath - Correct 53 726 63 86.3 0.002
19 infection - Incorrect 20 274 10 137
Anincrease in - Correct 73 100 73 100 -
temperature
Muscle pain - Correct 61 83.6 63 86.3 0.774
- Incorrect 12 164 10 137
Sore throat - Correct 63 86.3 66 904 0.508
- Incorrect 10 137 7 9.6
New loss of taste or - Correct 65 89.0 71 973 0.070
smell. - Incorrect 8 11.0 2 2.7
Total knowledge scores Mean+SD 6.19+1.66 9.56+1.75 p-value®
Range 2-10 4-12 <0.001

The total knowledge score is calculated by summation of knowledge answers; where incorrect answer/I don’t know=0, and correct answer=1, * McNemar test, b

Paired t-test.
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Fig. 2 Difference between Pre and Post-intervention of total knowl-
edge score regarding Mucormycosis and COVID 19-Manifestation (n=73
participants)

Table 4 displayed the preventive practice behavior
regarding Mucormycosis. The rates of most protec-
tive practices after the intervention had significantly
increased compared to the reported rates before the
intervention (p<0.001).The mean score for preventive
behavior was 1.97+1.35 and statistically improved to
3.6011.18 post-intervention as shown in Fig. (3).

As shown in Table 5, there were highly statistically
significant improvements in all preventive practices
against Mucormycosis (p<0.001) after the interventions.
The overall mean score for preventive practice assess-
ment was improved from 0.89+1.38 pre to 3.18+1.29
post-intervention.

Table 6 displayed a highly statistically significant
improvement in most of the items related to good dia-
betic control for prevention of Mucormycosis after the
interventions when compared to the pre-intervention
behaviors. The mean overall score of maintenance of
good diabetic control was also significantly increased
from 2.49+1.25 to 4.00+1.13.

Table 7 indicated a highly statistically significant
improvement in most of the precautionary items espe-
cially avoidance of crowds and regular hand washing
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Table 4 Preventive Practice Behavior regarding Mucormycosis (n=73 participants)

Variables Pre Intervention Three Months Post p-value?
Intervention
No % No %
Preventive practice Use masks if you are visiting dusty sites. - Done 7 9.6 36 493 <0.001
behavior regarding - Not done 66 904 37 50.7
Mucormycosis Wear shoes, long trousers, long sleeve -Done 43 589 47 644 0.571
shirts while handling soil (gardening), - Not done 30 41.1 26 356
moss, or manure.
Wear gloves when handling materials - Done 11 15.1 49 67.1 <0.001
such as soil, moss, or manure - Not done 62 849 24 329
Maintain personal hygiene including a -Done 7 9.6 1 15.1 0.125
thorough scrub bath - Not done 66 904 62 84.9
Clean skin injuries well with soap and - Done 64 87.7 72 98.6 0.008
water, especially if they have been ex- - Not done 9 12.3 1 14
posed to soil or dust.
Taking into consideration warning signs -Done 7 9.6 34 46.6 <0.001
and symptoms of Mucormycosis - Not done 66 904 39 534
Do not consider all the cases with a - Done 5 6.8 14 19.2 0.022
blocked nose as cases of bacterial sinusitis, - Not done 68 93.2 59 80.8
particularly in the context of immunosup-
pression and/or COVID-19 patients
Preventive practice behavior score Mean +SD 1.97+135 360+1.18 p-value®
Range 0-6 1-6 <0.001

Preventive practice behavior score is calculated by summation of preventive practice behavior answers; where not done/inadequately done=0, and adequately

done=1,2 McNemar test, ® Wilcoxon rank test

6.00-
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1.007
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Fig. 3 Difference between Pre and Post-intervention of preventive prac-
tice behavior score regarding Mucormycosis of the study participants
(n=73 participants)

(from 26%, 28.8% to 69.9%, 67.7% respectively). The over-
all mean score of practices related to COVID-19 pre-
cautions significantly increased from 2.66+1.74 pre to
4.53+1.43 post-intervention.

Table 8 indicated a significant negative correlation
between sociodemographic data of participants and
total knowledge score regarding COVID-19 associated
Mucromycosisis (CAM) before the intervention. While,
there was a negative insignificant correlation between
sociodemographic data of participants and preventive

practice behavior regarding (CAM) pre and post the
intervention.

Discussion

Coinciding the novel coronavirus disease (COVID-19)
pandemic, the cases of COVID-19-Black fungus co-
infections have been increasingly reported worldwide.
Recent literature reported that the vast majority of CAM
patients suffered from at least one medical comorbid-
ity; diabetes mellitus is the main contributing diseases
(79.1%) [31].

The present study enrolled 73 diabetic pregnant
women, who were assessed for their knowledge level and
if they follow the preventive behavioral practice against
COVID-19 asscioated Mucromycosisis infection (CAM).
The recruited participants received 3 weeks of nurse-led
educational sessions, then they were reassessed to deter-
mine the effectiveness of this intervention.

In the pre-intervention phase, this study revealed an
acceptable knowledge level among pregnant women,
because of the persistent dissemination of COVID-19
related information by the Egyptian Ministry of Health
and Population (MOHP), community organizations and
people through their social accounts [32]. The observed
acceptable knowledge about COVID-19 manifestation,
complications, and preventive measures was replicated
through enormous studies with different targeted study
subjects [33, 34].

Meanwhile, the detected low score of proper preventive
practices might be attributed to several factors including
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Table 5 Diabetes self-care Practice for Prevention of Mucormycosis (n=73 participants)

Variables Pre Inter- Three Months Post p-value?
vention Intervention
No % No %
Personal hygiene assessment for Hand washing technique - Competent 17 233 69 945 <0001
prevention -Incompetent 56 767 4 55
of Mucormycosis Respiratory protection as - Competent 16 219 38 521 <0001
Wearing cloth face covering -Incompetent 57 781 35 479
Respiratory protection as - Competent 1 151 37 50.7  <0.001
removal of cloth face covering  -Incompetent 62 849 36 493
Glucose control Insulin Administration - Competent 9 123 41 56.2  <0.001
-Incompetent 64 877 32 438
Blood glucose Monitoring - Competent 12 164 47 644 <0001
-Incompetent 61 836 26 356
Diabetes self-care Mucormycosis Preventive Practice Score Mean+SD 089+138  3.18+129 p-value®
Range 0-5 0-5 <0.001

The overall score is calculated by summation of Personal hygiene & Insulin administration score answers; where incompetent=0, and competent=1, * McNemar

test, PWilcoxon rank test

Table 6 Practices for maintenance of good diabetic control for prevention of Mucormycosis (n=73 participants)

Variables Pre Intervention Three Months Post Intervention p-value’
No % No %
Practices for main- Regular medical Follow - Done 66 904 70 959 0.344
tenance of good up for diabetes - Not done 7 96 3 4.1
diabetic control Regular blood glucose - Done 11 15.1 58 79.5 <0001
for prevention of measurement - Not done 62 849 15 20.5
Mucormycosis Taking Prescribed -Done 66 90.4 70 959 0.289
medication - Not done 7 9.6 3 4.1
Tacking - Done 28 384 49 67.1 <0.001
prescribed(optimal) diet - Not done 45 616 24 329
Practicing regular physi- - Done 11 15.1 45 61.6 <0.001
cal activity as waking - Not done 62 849 28 384
Score of Practices for Maintenance of Mean+SD 249+1.25 4.00+1.13 p-value®
Good Diabetic Control for Prevention of Range 0-5 1-5 <0.001

Mucormycosis

The overall score is calculated by summation of practices for maintenance of good diabetic control answers; where not done answer=0, and done answer=1.?

McNemar test, PWilcoxon rank test

insufficient face masks, unavailability of soap for hand-
washing in public places, the increased expense of hand
gel sanitizers, barriers against physical/ social distancing,
challenges against vaccination, and shortage of material
preparedness in face of the crisis [35].

Knowledge Assessment regarding COVID 19-with
mucormycosis infection (CAM)

The current study findings revealed a significant
enhancement in knowledge level when compared to the
pre-intervention scores. This finding was in the same
line with Zhang et al., 2020 who concluded that health
education regarding the prevention of infectious dis-
ease is potentially essential [36]. Likewise, a recent study
involved pregnant women in Ghana reported that women
who received awareness sessions about COVID-19 in
health facilities prompted an ample level of knowledge
(76.2%) about COVID-19 disease and its safety measures
compared to those who didn’t [37].

These results were agreed with Kumbeni, 2021 who
found that the prevalence of adequate knowledge about
COVID-19 was 85.6%, and added that receiving COVID-
19 education at healthcare settings was positively asso-
ciated with adequate knowledge of COVID-19 [38].
Meanwhile, the current study findings are in contrast
with Queensland Clinical Guidelines, (2020) which
reported that a large proportion of pregnant women were
unaware of COVID-19 clinical presentation and precau-
tionary guidelines [39].

Noted that there was a remarkable high correctness
of the information regarding Mucormycosis in the post-
intervention analysis, this probably due to already lacked
awareness and the shortage of information regarding
Mucromycosisis. While the relative increase in knowl-
edge related to the COVID-19 manifestation is attributed
to the existed good awareness level as discussed before.
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Table 7 COVID-19 Precautions for Prevention of Mucormycosis associated infection (n=73 participants)

Variables Pre Intervention Three Months Post p-value?
Intervention
No % No %

COVID 19 Wear a mask in public when you interact with - Done 23 315 36 493 0.015
Precautions for other people - Not done 50 68.5 37 50.7
Mucormycosis  Keep a safe space between yourself and oth- - Done 12 164 15 20.5 0.581
Prevention ers (stay at least 6 feet away, which is about 2 - Not done 61 836 58 795

arm lengths).

Avoid crowds and poorly ventilated indoor - Done 19 26.0 51 69.9 <0.001

spaces. - Not done 54 74.0 22 30.1

Wash your hands. If soap and water are not - Done 21 2838 56 76.7 <0.001

available, use a hand sanitizer with at least - Not done 52 71.2 17 233

60% alcohol.

Avoid touching your eyes, nose, and mouth - Done 22 30.1 26 356 0.541

with unwashed hands. - Not done 51 69.9 47 64.4

Cover coughs and sneezes with a tissue or the - Done 46 63.0 58 79.5 0.045

inside of your elbow. Then wash your hands. - Not done 27 370 15 205

Taking COVID- 19-vaccine - Done 0 0 -

- Not done 73 73

Clean frequently touched surfaces daily using - Done 24 329 49 67.1 <0.001

household cleaners, such as soap or detergent - Not done 49 67.1 24 329

Monitor your health daily - Done 27 370 40 54.8 0.021

e.g. Watch for fever, cough, shortness of - Not done 46 63.0 33 452

breath, or other symptoms of COVID-19.
The score of COVID-19 Precautions for Mucormycosis Mean+SD 266+1.74 453143 p-value®
Prevention <0.001

The score is calculated by summation of COVID 19 precautions answers; where not done answer=0, and done answer=12 McNemar test, ® Wilcoxon rank test

Table 8 Relationship between total Knowledge Score, Preventive Practice Behavior Score, and Sociodemographic Data of the study

participants Pre & Post the Intervention (n=73 participants)

Variables Total Knowledge score Practice behavior score
Pre-Intervention Post -Intervention Pre-Intervention Post-Intervention
Mean+SD Test of sig. Mean+SD Test of sig. Mean+SD Testof sig. Mean+SD Test of
p-value p-value P-value sig.
(P-value)
Age 18-20 6+0 Fe=0.715 9.25+0.96 Fe=0.079 204+1.14 KwWP=12.2 425+05 Kw b=
(years) 21-24 6.09+1.69 0.547 9.68+2.42 0.971 1.59+0.59 0.007 3.55+0.96 1.7
25-30 6.54+1.89 9.54+155 45+10 3.64+1.09 0.635
31-35 584+142 953+1.26 1.79+1.78 347+1.58
Education  Read &write  6.0+154 FP=3736  10.18+1.18  F°=1934  145+074  KWP=537 341409 KwP=
Secondary 6.21+1.59 0.029 9.34+2.11 0.152 1.86+1.39 0.02 336+147 2.96
University 6.36+1.92 9.23+1.60 245+1.55 393+1.03 0.085
Spearman Correlation coef- r=-0.239 r=-0.228 r=-0.059 r=-0.085
ficient r (p-value) (0.042) (0.052) (0.619) (0.474)

2F : ANOVA, P KW: Kruskal-Wallis test

Preventive practice behavior regarding mucormycosis

Our pre-posttest analysis found a significant increased
adherence of participants to preventive practices against
Mucormycosis including “Wearing masks when visiting
dusty areas” ( 9.6-49.3%), “Wearing gloves when han-
dling materials such as soil, moss, or manure” (15.1-
67.1%), “Cleaning skin injuries well, especially if they have
been exposed to soil or dust”’(87.7-98.6%) and “Consid-
ering warning signs and symptoms of Mucormycosis”
(9.6-46.6%). Our findings are consistent with a similar
study in India, which displayed that the precautionary

measures were better followed by the immunosuppressed
patients to avoid any black fungus infection scenario after
receiving awareness sessions [40].

Practices for maintenance of good diabetic control for
prevention of mucormycosis

Similar literature mentioned that educational interven-
tion led by nursing staff for women with gestational dia-
betes leads to enhancement of their health practices and
favourable pregnancy outcomes [41]. The present study
unveiled a significant increase in the number of women



Shahin et al. BMC Nursing (2023) 22:175

who competently administered the required insulin
doses and monitored their blood sugar regularly after the
intervention [pre (12.3%,16.4%) to post (56.2%,64.4%)]
respectively.

In support of our results, a previous study reported a
significant reduction in the postprandial blood sugar
(PPBS) level and insulin dose among pregnant women
with gestational diabetes mellitus (GDM) after receiving
maternal nursing health education sessions [42]. Further-
more, a previous study reported a significant increase
in the proportion of women who developed good dia-
betic self-care practice after receiving awareness ses-
sions for (GDM) management (pre 6.7%, post 18.3%) and
improvement in all self-care activities subscales [43]. The
observed improved control practices are helpful in the
prevention of Mucormycosis, which necessitates an opti-
mum level of awareness about metabolic control of dia-
betes mellitus [44].

COVID-19 precautions for mucormycosis prevention

The present study showed a remarkable improvement
in the pregnant women’s practice, as the mean score of
COVID-19 precautionary practice was 4.53+1.43 post-
intervention, compared to 2.66+1.74 pre-intervention.
This indicates the effectiveness of the performed nursing
intervention sessions in promoting the women’s preven-
tive practice. Consistently, Fikadu et al., 2021 who stud-
ied the practices and knowledge of pregnant women
regarding COVID-19 prevention in Guraghe Zone Hos-
pitals demonstrated that COVID-19 preventive mea-
sure practice of women who were regularly visiting the
hospital was 54.84% and attributed their findings to the
efficacious intervening measures provided by the gov-
ernment and health institution [37]. These observations
are also supported by Hassan et al.2020, who concluded
that improving the pregnant women’s knowledge regard-
ing COVID-19 through health education, resulted in the
enforcement of their self-protective measures against
COVID-19 infection [45].

Mediators associated with knowledge of COVID-19 and
COVID-19 preventive practices

Upon investigating the underpinnings related to knowl-
edge and practice level, we detected no association
between age and knowledge score either in the pre or
post-intervention assessment. While high knowledge
score was detected among participants who attained
higher university education, in the pre-intervention
assessment only. These observations were replicated by
Kumbeni et al,, 2021 in Ghana, who found that females
with secondary or higher education had 3.40 and 10.61
odds respectively, of having satisfactory knowledge about
COVID-19 comparable to their peers with no formal
education [38].
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Empirical research investigated the integrational effect
of compulsory education on the mothers’ health atti-
tudes and behaviors, it showed that women who attained
at least a primary education might be more exposed to
health information and subsequently more likely to
assume preventive measures to avoid getting infected
with the disease [46].

The analysis also, brought up that women aged
between 25 and 30 years were significantly more engaged
in acceptable COVID-19 preventive practices before the
intervention, as well as those with an advanced level of
education (mean score 4.5 £ 1 p=0.007 and 2.45+1.55
p=0.02 respectively). Consistently, a related study found
that women aged 28 years old and above; with secondary
/university education had an odds of 2.12 and 4.11 times
respectively of practicing preventive behavior against
COVID-19 infection than their counterparts [38].

Previous literature has reported that older age is a
liability agent for serious complications and mortal-
ity related to COVID-19 infection [47, 48]. This might
explain why older pregnant women in the present study
had a higher score for COVID-19 preventive practices
to avoid this infection due to consternation from its
consequences.

Likely, the significant association between good pre-
ventive behavioral scores between women in older age
groups and higher educational attainment is explained
by the authors that those women are privileged to have
healthier attitudes and behaviors than their counterparts.

Correlational analysis unveiled a weak negative sig-
nificant correlation (r=-0.22, p=0.04) between the
knowledge level and demographic characteristics in
the pre-intervention phase. That might be owing to the
existed shortage of information regarding COVID-19
associated with Mucormycosis(CAM).

However, this observed discrepancy ceased in the
post-evaluation phase, since this correlation was con-
cealed after receiving the intervention which indicates
the successfulness and effectiveness of our nurse-led
intervention to deliver the health message to the targeted
audience of varied demographic characteristics.

Conclusion

This study showed that there was an improvement in the
diabetic pregnant women’s knowledge regarding COVID-
19 associated Muycormycosis (CAM) post the interven-
tion than pre the intervention. Furthermore, there was an
enhancement in the diabetic pregnant women’s preven-
tive practice against (CAM) post the intervention, which
support the research hypothesis. Overall, the study find-
ings confirm the substantial role that nursing staff plays
in providing information regarding COVID-19 associ-
ated Muycormycosis infection at antenatal care settings.
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Recommendation

It is recommended to conduct further research within
different contexts to measure the efficacy of such an
intervention. As well as, to implement a nurse-led educa-
tional program to the healthcare community about black
fungus associated with COVID Pandemic, counseling to
diabetic pregnant women, and develop home messages to
pregnant women receiving antenatal care about this asso-
ciated infection.

Relevance to clinical practice

Since diabetic pregnant women are vulnerable to Black
fungus infection and susceptible to severe COVID-19-re-
lated complications, they are crucially needed to promote
their awareness and preventive practice. The initial impli-
cations of this study were effective. Therefore, health care
organizations should develop a comprehensive strategy
for diabetic pregnant women especially in rural areas to
enhance their awareness and resistance against infectious
diseases, particularly COVID-19 associated Muycormy-
cosis (CAM), through continuing education and mentor-
ing programs.

Strengths and limitations

Our study is the first research that deployed the nurse-
led intervention to improve the knowledge and preven-
tive behavior of pregnant diabetic women. Our findings
are promising to inform the responsible health authori-
ties to channel resources towards the nursing role during
the fight against COVID-19 associated with Mucoro-
mycosis (CAM). The cross-sectional nature of our study
wouldn't help to infer causality. The self-reported method
of data collection might expose the data to the possibil-
ity of recall bias. Also, owing to the lack of funding and
supportive resources, the sample size was relatively small
which doesn't allow for the generalization of findings to
the entire community of pregnant diabetic women in our
country, Egypt.
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