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Abstract
Objective: To understand trends in the knowledge, attitudes and practices (KAP) of 
pregnant women related to COVID- 19 in seven low-  and middle- income countries.
Design: Multi- country population- based prospective observational study.
Setting: Study sites in Bangladesh, the Demographic Republic of Congo (DRC), 
Guatemala, India (two sites), Kenya, Pakistan and Zambia.
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1 |  I N TRODUC TION

COVID- 19 first appeared in late 2019 and was declared a 
global pandemic by the World Health Organization (WHO) 
in March 2020.1 Since the onset, the viral cause of COVID- 19, 
severe acute respiratory syndrome coronavirus 2 (SARS- 
COV- 2),2 has been continually mutating. The repeated 
emergence of new variants of SARS- COV- 2, each differing 
in transmission and severity, continues to raise global health 
concerns.2 The different variants of COVID- 19 together 
have resulted in more than 6 million deaths worldwide.2– 4

The SARS- CoV- 2 virus spreads via respiratory droplets; 
the disease presentation can range from asymptomatic to se-
vere illness, leading to hospitalisation and death. Older age 
and pre- existing medical conditions increase the risk of de-
veloping severe disease and mortality.5 Pregnant women ap-
pear more prone to contracting COVID- 19, and those with 
severe disease may have an increase in adverse outcomes. 
Published reports suggest that the clinical presentation of 
COVID- 19 in pregnant women can be similar to that in the 
general population, but the potential of increased risk of ad-
verse pregnancy outcomes, such as preterm birth and low 
birthweight, are of concern.6

In the beginning of the epidemic, when vaccines were not 
available, appropriate personal behaviours were critical in 
safe- guarding individuals from contracting COVID- 19. For 
the effective control of disease spread, the WHO emphasized 
preventive measures such as hand- washing, social distanc-
ing, mask wearing and the reduction of interpersonal con-
tacts.7 Lockdowns were enforced within countries and travel 
bans were imposed.8

Attitudes towards the way people reacted to COVID- 19 
appeared to change gradually. The strict adherence to mask 

wearing, social distancing and avoiding social gatherings 
and crowded areas decreased over time.9,10 The introduction 
of anti- COVID- 19 vaccines, which decreased the severe mor-
bidity and mortality associated with COVID- 19 infection, is 
likely to have accelerated the change in appropriate protec-
tive behaviours.11 Nevertheless, precautionary behavioural 
measures (in addition to vaccination against COVID- 19) 
remain the mainstay for containing the pandemic.12,13 The 
WHO has emphasized the importance of continuously im-
proving the awareness related to COVID- 19 to control its 
spread.14 By understanding the knowledge, attitude and 
practices (KAP) of pregnant women related to COVID- 19, 
issues related to improving their safety can be identified and 
addressed.

Various studies assessing KAP related to COVID- 19 have 
been conducted around the world; however, very limited 
data are available among pregnant women in general, and 
particularly in low-  and middle- income countries (LMICs). 
A recently published KAP study of pregnant women con-
ducted by Naqvi et al. revealed that pregnant women in 
LMICs often have limited knowledge related to COVID- 19, 
and used varying practices to prevent COVID- 19.15 However, 
no data are available to assess the COVID- 19- related KAP 
trends in LMICs over time. The present study aims to un-
derstand the trends of KAP in pregnant women related to 
COVID- 19 in seven LMICs.

2 |  M ETHODS

The Eunice Kennedy Shriver National Institute of Child Health 
and Human Development (NICHD) Global Network's multi- 
country COVID- 19 KAP study was initiated to examine the 

Population: Pregnant women in the Global Network's Maternal and Neonatal 
Health Registry (MNHR).
Methods: Pregnant women enrolled in the MNHR were interviewed to assess their 
KAP related to COVID- 19 from September 2020 through July 2022 across all study 
sites.
Main outcome measures: Trends of COVID- 19 KAP were assessed using the 
Cochran– Armitage test for trend.
Results: A total of 52 297 women participated in this study. There were wide inter- 
country differences in COVID- 19- related knowledge. The level of knowledge of 
women in the DRC was much lower than that of women in the other sites. The ability 
to name COVID- 19 symptoms increased over time in the African sites, whereas no 
such change was observed in Bangladesh, Belagavi and Guatemala. All sites observed 
decreasing trends over time in women avoiding antenatal care visits.
Conclusions: The knowledge and attitudes of pregnant women related to COVID- 19 
varied substantially among the Global Network sites over a period of 2 years; how-
ever, there was very little change in knowledge related to COVID- 19 over time across 
these sites. The major change observed was that fewer women reported avoiding 
medical care because of COVID- 19 across all sites over time.

K E Y W O R D S
COVID- 19, KAP, LMICs, pregnant women, trends
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KAP of pregnant women related to COVID- 19.15 The study was 
conducted as part of the Global Network's Maternal Newborn 
Health Registry (MNHR) at eight sites in seven countries from 
September 2020 through July 2022.16,17 The participating sites 
were located in Bangladesh (District Tangail), the Democratic 
Republic of the Congo (DRC) (North and South Ubangi 
Province), Guatemala (Chimaltenango), India (Belagavi and 
Nagpur), western Kenya, Pakistan (Thatta in Sindh Province) 
and Zambia (Kafue and Chongwe). The starting date of the 
KAP survey varied by site, and ranged from 17 September 
2020, in Pakistan, to 9 February 2021, in Zambia. The ques-
tionnaires were generally completed with help from research 
staff in the health clinics at the woman's first prenatal visit.

The level of knowledge related to COVID- 19 was assessed 
by questions related to nine symptoms, four modes of trans-
mission, six methods to prevent spread and the two groups 
at highest risk. Each of the questions was asked in an open- 
ended fashion. Symptoms of interest related to COVID- 19 
included fever, cough, difficulty breathing, sore throat, 
runny or stuffy nose, tiredness, aches and pains, diarrhoea 
and the loss of taste or smell. Transmission modes of interest 
included respiratory droplets from a sick person, respiratory 
droplets from an asymptomatic person, touching contami-
nated objects and shaking hands. Preventative measures of 
interest included hand- washing or using a hand sanitizer, 
keeping a distance from others, avoiding shaking hands, 
avoiding touching face, wearing a mask and staying home. 
High- risk groups of interest included the elderly and those 
with other comorbidities.

2.1 | Statistical analyses

Data analysis was performed with SAS Enterprise Guide 7.1 
(SAS Institute Inc., Cary, NC, USA). For each of the knowl-
edge components, scores were computed using valid re-
sponses and then dichotomized according to whether the 
participant met a minimum threshold of valid responses. 
These were defined as being able to identify at least three 
symptoms, at least two transmission modes, at least three 
prevention measures and at least one group at greatest risk. 
The components of attitudes included the fear of getting 
COVID- 19 from their provider while visiting for antenatal 
care and their concerns regarding the capacity of hospitals to 
provide care. Practices included the avoidance of receiving 
prenatal care and keeping a distance from others to prevent 
women from COVID- 19 exposure.

Data collection occurred from September 2020 through 
July 2022. For the time trend analysis, we divided the time 
into four periods (September 2020– February 2021, March 
2021– August 2021, September 2021– February 2022 and 
March 2022– July 2022). Maternal demographic characteris-
tics and distributions of KAP related to COVID- 19 stratified 
by time periods are presented in frequencies and percent-
ages. The time trends were assessed by the unadjusted and 
adjusted Cochran– Armitage test for trend by site for the 
given characteristics over the four time periods; p < 0.05 

for trend was considered a statistically significant associa-
tion between the KAP characteristics for COVID- 19 with 
the time periods. The country/regional differences in KAP 
characteristics related to COVID- 19 were compared by the 
time periods for each country and were plotted as bar charts.

2.2 | Ethical approvals

This study was approved by the institutional review board 
at each US university, the Research Triangle Institute 
International and by the relevant ethics review committees 
of the participating sites. All women provided informed 
consent for participation in the study.

3 |  R E SU LTS

During the time of the KAP survey, data collection continued 
across the eight sites. A total of 74 169 women were enrolled 
in the MNHR and 52 297 women answered the COVID- 19 
questionnaire (Figure 1). Table 1 describes the numbers and 
proportions of maternal socio- demographic and obstet-
ric characteristics by time period. Most women were 20– 
35 years of age (76.9%). About 71% of women had primary 
or secondary education, and this increased over time. Of the 
women enrolled in the study, 38.5% were enrolled in the first 
trimester, 45.1% were enrolled in the second trimester and 
16.4% were enrolled in the third trimester. Nearly 74% of the 
women enrolled were either nulliparous or had a parity of 
one or two.

F I G U R E  1  Enrolment diagram. 1Data entered into the data 
management system as of 8 September 2022 are included in this report. 
Screened during the time period during which the COVID- 19 knowledge, 
attitudes and practices (KAP) data were collected. The sites began 
collecting COVID- 19 KAP as follows: Pakistan, 17 September 2020; 
DRC, 16 October 2020; Guatemala, 12 November 2020; Nagpur, India, 26 
November 2020; Kenya, 15 December 2020; Belagavi, India, 15 December 
2020; Bangladesh, 15 December 2020; and Zambia, 9 February 2021.

Eligible
(n = 73 956)

Ineligible 
(n = 213)

Did not consent 
(n = 68) 

Consented 
(n = 73 888) 

Screened1

(n = 74 169) 

Analysis population 
COVID KAP  

data collected 
(n = 52 297) 

Did not have COVID 
KAP data collected 

(n = 21 591) 
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Table  2 presents the proportion of women over time in 
all sites able to respond correctly to the minimum number 
of questions defined as having acceptable KAP. The last two 
columns present the unadjusted and the adjusted p- values 

for the test of trend. About 54% of women named three 
or more COVID- 19 symptoms, 32.7% knew two or more 
transmission modes, 49.7% knew three or more preventive 
measures and 79.1% named at least one high- risk condition. 

T A B L E  1  Maternal sociodemographic characteristics by study time period.

Time period, n (%)

Characteristic Overall, n (%) Sep 2020– Feb 2021 Mar 2021– Aug 2021 Sep 2021– Feb 2022 Mar 2022– Jul 2022

Women, n 52 297 8597 14 395 16 516 12 789

Maternal age (years) 52 289 8596 14 394 16 512 12 787

<20 8792 (16.8) 1342 (15.6) 2375 (16.5) 2930 (17.7) 2145 (16.8)

20– 35 40 225 (76.9) 6737 (78.4) 11 182 (77.7) 12 514 (75.8) 9792 (76.6)

≥36 3272 (6.3) 517 (6.0) 837 (5.8) 1068 (6.5) 850 (6.6)

Maternal level of education 52 271 8596 14 393 16 505 12 777

No formal schooling, illiterate 11 374 (21.8) 2327 (27.1) 3069 (21.3) 3562 (21.6) 2416 (18.9)

Primary/secondary 37 300 (71.4) 5731 (66.7) 10 276 (71.4) 11 919 (72.2) 9374 (73.4)

University+ 3597 (6.9) 538 (6.3) 1048 (7.3) 1024 (6.2) 987 (7.7)

Gestational age upon enrolment 
(weeks)

51 448 8430 14 057 16 290 12 671

0– 13 19 783 (38.5) 2933 (34.8) 5760 (41.0) 5792 (35.6) 5298 (41.8)

14– 28 23 210 (45.1) 3949 (46.8) 5922 (42.1) 7616 (46.8) 5723 (45.2)

≥29 8455 (16.4) 1548 (18.4) 2375 (16.9) 2882 (17.7) 1650 (13.0)

Parity 52 282 8597 14 395 16 505 12 785

0 16 655 (31.9) 2579 (30.0) 4676 (32.5) 5102 (30.9) 4298 (33.6)

1– 2 21 945 (42.0) 3567 (41.5) 6219 (43.2) 6775 (41.0) 5384 (42.1)

≥3 13 682 (26.2) 2451 (28.5) 3500 (24.3) 4628 (28.0) 3103 (24.3)

T A B L E  2  Evaluation of maternal knowledge, attitutdes and practices from September 2022 through July 2022.

Time period, n (%) p- valuea

Characteristic Overall n (%) Sep 2020– Feb 2021 Mar 2021– Aug 2021 Sep 2021– Feb 2022 Mar 2022– Jul 2022 Unadjusted Adjustedb

Women, n 52 297 8597 14 395 16 516 12 789

Knowledge

3+ symptoms 28 450 (54.4) 4014 (46.7) 8705 (60.5) 8994 (54.5) 6737 (52.7) 0.047* 0.87

2+ transmission 
modes

17 080 (32.7) 2563 (29.8) 5190 (36.1) 5344 (32.4) 3983 (31.1) 0.08 <0.0001**

3+ preventive 
measures

25 999 (49.7) 3494 (40.6) 7948 (55.2) 8780 (53.2) 5777 (45.2) 0.11 0.14

1+ high- risk groups 41 385 (79.1) 6475 (75.3) 11 678 (81.1) 12 595 (76.3) 10 637 (83.2) <0.0001** <0.0001**

Attitudes

Fear of COVID- 19 
exposure

13 204 (25.2) 1648 (19.2) 3714 (25.8) 4455 (27.0) 3387 (26.5) <0.0001** <0.0001**

Believe that hospital 
lacks capacity to 
provide care

7923 (15.2) 1796 (20.9) 2011 (14.0) 1887 (11.4) 2229 (17.4) <0.0001** <0.0001**

Practices

Avoided prenatal care 7911 (15.1) 2804 (32.6) 3019 (21.0) 1188 (7.2) 900 (7.0) <0.0001** <0.0001**

Maintained distance 
to avoid 
COVID- 19

22 553 (43.1) 3225 (37.5) 6705 (46.6) 7514 (45.5) 5109 (39.9) 0.60 0.005*

aCochran– Armitage test for trend for a given characteristic over the four time periods: *p < 0.05; **p < 0.001.
bAdjusted by site.
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Knowledge about the transmission modes was significantly 
higher in participants surveyed between March 2021 and 
August 2021, compared with the first 6 months of the sur-
vey, and thereafter it remained more or less consistent over 
time. However, knowledge about preventive measures was 
higher during the second and third time periods, ranging 
from March 2021 to February 2022, compared with the first 
and last time periods (p < 0.0001 for each).

With regards to attitudes, women were asked about ob-
stacles to receiving COVID- 19- related care. Over the time 
periods studied, about 25% of the women reported fears of 
getting COVID- 19 from their provider, and 15% raised con-
cerns regarding the capacity of hospitals to provide care. As 
with knowledge, there were small changes over time in these 
issues, including an increasing trend of fear of COVID- 19 
exposure and a decreasing trend of concerns regarding the 
capacity of hospitals to provide care.

Women were also asked whether they had avoided or 
planned to avoid prenatal care at clinics because of their fear 
of COVID- 19. Over the entire time period, 15% of women 
said they planned to avoid antenatal care visits at the clinic, 
but from the first to the last time period, the proportion that 
said they would avoid care decreased from 32.6% to 7.0%. 
Over all time periods, 43.1% of women said that they would 
keep their distance from others to avoid COVID- 19, and al-
though there were small fluctuations, the actual proportion 
did not change much over time.

We also assessed women's KAP related to COVID- 19 by 
study site and time period. Figure 2 shows the percentages of 
women in each site over time who could name at least three 
symptoms, two or more modes of transmission, three or more 

preventive measures and at least one high- risk group. The first 
observation on scanning the four panels is how different and 
much lower the knowledge levels of the women in the DRC 
were compared with the women at the other sites. Figure 2(A) 
shows that the ability to name three or more symptoms in-
creased over time in each of the African sites (DRC, Kenya 
and Zambia) (p ≤ 0.005 for each), in comparison with the 
Nagpur and Pakistani sites, where an initial increase in the 
ability to name three or more symptoms was followed by a sig-
nificant decrease in ability. The sites in Bangladesh, Belagavi 
and Guatemala had no significant changes over time (p ≥ 0.97 
for each). Figure 2(B) shows that six of the eight sites had small 
but significant decreasing trends in the ability to name two or 
more modes of transmission (p ≤ 0.042), whereas the Zambian 
site had an increasing trend (p ≤ 0.0001). The Nagpur site had 
no change in this characteristic over time (p = 0.85).

Figure 2(C) shows that an increasing trend in the ability 
to name three or more prevention measures was observed 
in all African sites and in the Bangladeshi site (p ≤ 0.003 
for each), in comparison with the Nagpur and Pakistani 
sites, which had significant decreasing trends (p < 0.0001). 
Neither the Guatemalan site nor the Belagavi site had a 
significant change over time (p ≥ 0.08). Figure 2(D) simi-
larly shows that the African and Pakistani sites showed an 
increasing time trend for knowing at least one high- risk 
group (p < 0.0001 for each), compared with the Indian and 
Bangladeshi sites, which had significant decreasing trends 
(p ≤ 0.010); the Guatemalan site had no significant trend 
with time (p = 0.07).

Figure 3 describes trends for possible obstacles to receiv-
ing COVID- 19- related care by site. Figure 3(A) shows that the 

F I G U R E  2  Womens' knowledge about COVID- 19 by site and time period. (A) Knowledge of 3+ symptoms by site and time period. (B) Knowledge of 
2+ transmission modes by site and time period. (C) Knowledge of 3+ prevention measures by site and time period. (D) Knowledge of 1+ high risk group 
by site and time period.
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DRC, Zambia, Guatemala, Nagpur, and Pakistani sites had 
significant increasing trends for women's fear of COVID- 19 
exposure (p ≤ 0.0004), in comparison with the Bangladeshi 
site, with a decreasing trend (p < 0.0001). The Kenyan and 
Belagavi sites had no significant trends in these answers 
over time (p = 0.85 and p = 1.00, respectively). Figure  3(B) 
similarly shows an increasing trend for women's concerns 
regarding the capacity of hospitals to provide care was found 
in the Zambian and Bangladeshi sites (p < 0.0001 for each), 
in comparison with the decreasing trends with time in the 
Guatemalan, Belagavi and Pakistani sites (p < 0.0001). For 
this issue, the DRC, Kenyan and Nagpur sites had no signif-
icant association with time (p ≥ 0.07).

Figure 4 presents the trends over time for women's avoid-
ance in receiving antenatal care and keeping a distance from 
others because of COVID- 19. Figure 4(A) shows all partici-
pating sites observed decreasing trends with time in women 
avoiding clinic visits for antenatal care (p < 0.0001 for each). 
Figure  4(B) similarly shows that there was an increasing 
trend with time observed for keeping a distance from others 
to avoid COVID- 19 exposure in Zambia, Kenya, Belagavi and 

Bangladesh (p ≤ 0.019 each). In comparison, the Guatemala, 
Nagpur and Pakistani sites had decreasing trends (p < 0.0001 
for each); the DRC site did not show any significant trend 
over time (p = 0.20).

4 |  DISCUSSION

4.1 | Main findings

The current study, conducted in Global Network sites of 
seven LMICs on three continents, revealed wide inter-  and 
intra- regional variations in COVID- 19- related KAP over 
time in pregnant women. There was wide inter- country vari-
ation in knowledge, with the level of knowledge of women in 
the DRC being much lower than in women at the other sites; 
however, the ability to name symptoms increased over time 
in African countries, whereas no such change was observed 
in Guatemala, Belagavi, and Bangladesh. Similar trends with 
wide inter- site variation were observed with regards to at-
titude. With regards to preventive practices, all participating 

F I G U R E  3  Women's attitudes to COVID- 19 by site and time period. (A) Fear of COVID- 19 exposure from provider by site and time period. (B) 
Believe hospital lacks capacity to provide care by site and time period.
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   | 7COVID- 19 KAP IN PREGNANT WOMEN

sites observed decreasing trends with time in women avoid-
ing clinic visits for antenatal care; however, there was wide 
variation among countries about keeping a distance from 
others to avoid COVID- 19 exposure.

4.2 | Strengths and limitations

The article has some strengths and limitations. To the best 
of our knowledge, this is the first study comparing trends 
of COVID- 19 KAP over time among pregnant women in 
LMICs of Asia, Africa and Central America. Moreover, it is 
a multinational population- based study with a large sample 
size. Data were collected prospectively from pregnant women 
over a period of 2 years using a standardized survey instru-
ment. The limitations include the varied timing of survey 
execution in study sites and the use of a non- validated tool 
with arbitrary cut- offs. We acknowledge that we had no time 
to validate the study tools and cut- offs because of the rapidly 

evolving pandemic. However, study tools were evaluated and 
approved by the investigators of all study sites.

4.3 | Interpretations

The world has been through several waves of COVID- 19 since 
the onset of the pandemic in 2020. Therefore, it is important 
to examine trends in KAP over time in pregnant women, to 
better understand and develop effective strategies to improve 
outcomes related to COVID- 19 infection. Although this is 
important for the general population, it may be particularly 
important for pregnant women as they are one of the most 
vulnerable groups and have unique issues. Various studies 
have evaluated KAP related to COVID- 19 among pregnant 
women,15,18– 22 but none have assessed the trends over time in 
pregnant women's KAP across sites. However, a few single-  
and multi- site studies have examined the changes over time 
in KAP related to COVID- 19 in the general population.23– 26 

F I G U R E  4  Women's practices regarding COVID- 19 by site and time period. (A) Avoided prenatal care by site and time period. (B) Maintained 
distance to avoid COVID- 19 by site and time period.
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In this large multi- site study, we had an opportunity to ex-
amine trends in COVID- 19 KAP among pregnant women of 
seven LMICs over a period of 2 years.

The overall knowledge of pregnant women in our study 
related to COVID- 19 symptoms, mode of transmission, pre-
ventative measures and identifying high- risk groups was 
widely variable across the sites and time periods. Women in 
the DRC had a lower level of knowledge than women in the 
other sites. The wide inter- country variability in our study 
regarding knowledge related to COVID- 19 is consistent 
with the diverse findings from studies conducted in South 
Africa,27 Ghana,20 Iran,21 Bangladesh,19 and Pakistan.28 
Across the time periods, the fluctuations in some of these 
rates by test of trend were significant. However, inspection of 
the actual values does not reveal important changes in these 
values over time. We suspect that the large sample size con-
tributes to the significant p- values.

We found a decreasing fear of getting COVID- 19 from 
their providers and belief that hospitals lack capacity to pro-
vide care. These results are consistent with reports about 
pregnant women from South Africa.27 The decreasing pro-
portion of the women with fear of getting COVID- 19 from 
their providers across our sites is also consistent with a mul-
tinational study of 22 countries where 36.8% of the popula-
tion had a fear of getting COVID- 19 from their doctors.29

During the early days of study, about one third of preg-
nant women in general and nearly half of the Guatemalan, 
Indian and Pakistani women planned to avoid prenatal care. 
However, this fear decreased significantly over time to only 
7% planning to avoid prenatal care. The initial findings are 
consistent with an Indian study,22 where 32% of women 
planned to avoid antenatal care visits. Potential reasons for 
these changes may include increased vaccination coverage 
over time, with an improved sense of protection, and relaxed 
movement and lockdown restrictions.

5 |  CONCLUSION

The knowledge and attitudes of pregnant women related to 
COVID- 19 varied substantially among the Global Network 
sites over a period of 2 years; however, there was very lit-
tle change in knowledge related to COVID- 19 over time 
across these sites. The major change we observed across 
all sites is that over time, fewer women claimed to avoid 
medical care because of COVID- 19 risk. These may have 
implications for policymakers and public health experts 
across sites.
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