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Abstract
Background
Tetanus vaccination is an indispensable component of the antenatal care (ANC) and is considered one of the most effective and protective measures against tetanus deaths. However, data on antenatal tetanus vaccination in Sudan are scarce. We aimed to explore the level of antenatal tetanus vaccination and to identify the influencing factors in a nationally representative population sample.


Methods
We used the latest available data (2014) of the Sudan Multiple Indicator Cluster Survey (MICS), developed by the United Nations Children’s Fund (UNICEF). We assessed the level of antenatal tetanus vaccination among women of childbearing age who gave at least one birth preceding the survey and defined adequate antenatal tetanus vaccination according to the World Health Organization (WHO) recommendations. Data analysis was performed using descriptive statistics, bivariate analysis, and multivariate logistic regression analysis.

Results
The total number of women of childbearing age involved in this analysis was 5433. Most of the participants (28.6%) were 25–29 years old, and vast majority of them (73.7%) live in rural areas. The prevalence of mothers who had adequate tetanus vaccination was 60.0%. Antenatal tetanus vaccination was significantly associated with higher level of mothers’ education (AOR = 1.70, 95% CI 1.25–2.32), higher household wealth index (AOR = 1.89, 95% CI 1.41–2.54), having four or more ANC visits (AOR = 1.49, 95% CI 1.30–1.71), and living in areas with low intensity of armed conflicts (AOR = 1.34, 95% CI 1.14–1.57).

Conclusions
Socioeconomic status had a significant impact on adequate antenatal tetanus vaccination. The results indicate the existence of variable rates and unequal access to tetanus vaccination among women of childbearing age in Sudan.
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Introduction
Tetanus, a vaccine-preventable disease is caused by the anaerobic bacterium Clostridium tetani. Though it can affect all age groups, neonates and pregnant women remain at higher risk of infection, chiefly when deliveries occur under unsanitary conditions [1–3]. Neonatal tetanus is defined as tetanus occurring within the first 28 days of life, while maternal tetanus occurs during pregnancy or within the first 6 weeks after childbirth [1–3]. In developing countries, maternal and neonatal tetanus (MNT) is still a substantial cause of mortality and case fatalities from tetanus remain high [1]. Findings of Global Burden of Disease study conducted in 2015 revealed that there were 56,743 deaths due to tetanus and 19,937 of these deaths occurred in neonates. Of these neonatal tetanus deaths, 44% occurred in sub-Saharan Africa [3]. Moreover, neonatal tetanus tends to be under-reported as most childbirths in developing countries are home deliveries [1].
Tetanus toxoid is an effective and low-cost vaccine that could be safely given at any time during pregnancy to protect women of childbearing age and newborns [1, 4–6]. It has been estimated that antenatal tetanus vaccination can reduce neonatal mortality from tetanus by 94% [5]. For previously non-immunized adults or those with unknown immunization status, a total of five tetanus toxoid vaccine doses are recommended by the World Health Organization (WHO) to combat MNT [5–7]. Obtaining two doses of the tetanus toxoid vaccine is recommended during the first pregnancy. The first dose is provided at first contact with healthcare services, and the second dose is provided 4 weeks later and at least 2 weeks before delivery. While the third dose should be given at least 6 months after the second, the last two boosters can be provided during succeeding pregnancies or at least 1 year later [6, 7].
Several studies have examined the adequacy of antenatal tetanus vaccination in low-income countries and its associated factors. The studies have attributed it to several maternal-related influencing factors such as age, education, occupation, marital status, wealth status, birth order, antenatal care (ANC), media exposure, residence and distance from the healthcare facilities [8–12].
While Sudan is one of the 24 countries which are yet to eliminate MNT, the exact data on the incidence of neonatal tetanus and access to antenatal tetanus vaccination in Sudan are scarce [1]. In 1976, the expanded immunization program was first established in Sudan in a few states and eventually extended geographically to cover the whole country [13]. The country witnessed an improved infantile vaccination coverage rate, increasing from 62% for diphtheria–tetanus–pertussis in 2000 to 95% in 2017 [14]. Two studies conducted in 1990 found that tetanus infections caused more than one quarter (29%) of the neonatal mortality rate, ranging from 20 to 36 per 1000 live births. The studies also showed that neonatal deaths were significantly lowest when the tetanus vaccination was received during pregnancy and the umbilical cord was cleaned by hygienic methods [15, 16].
This study aimed to identify the extent of antenatal tetanus vaccination and their influencing factors in a nationally representative population sample. Understanding these factors can help design policies to reduce maternal and neonatal mortality in Sudan.
Materials and methods
Description of the dataset
This study was performed based on an analysis of the latest accessible data available from the Sudan Multiple Indicator Cluster Survey (MICS), a nationwide survey was conducted from August to December 2014 [17]. Sudan MICS is a part of the worldwide MICS program developed by United Nations Children's Fund (UNICEF) and the survey was funded by several international collaborators, including the WHO, World Food Program (WFP), and the United Nations Population Fund (UNFPA) [13]. The global MICS program aimed to collect internationally comparable data on several indicators of maternal and childhood health condition, allowing countries to generate conclusive evidence for usage in health policies, assessing the current situation, and monitoring progress toward the achievement of the millennium development goals and other agreed-upon commitments [17].
The dataset was described and used by previous studies [18–20]. As previously reported, the study used a stratified two-stage clustered sampling method to recruit the participants. The overall target sample size of the study was 18,000 households and the total number of households reached 17,142. Of these, 16,801 households were successfully interviewed by trained interviewers using a questionnaire consisting of demographic characteristics, reproductive history, antenatal and postnatal care, and family planning. For this study, we included women of childbearing age (15–49 years) who gave at least one birth preceding the survey, with complete data on tetanus vaccination status.
Study population and variables
Adequate tetanus vaccination among women of childbearing age was defined previously as either receiving two doses of tetanus toxoid vaccine in the last pregnancy, more than one dose within the latest 3 years of birth, more than two doses within the latest 5 years of birth, more than three doses within the latest within 10 years of birth, or more than four doses at any time [6, 7]. Accordingly, the dependent variable (adequate tetanus vaccination) was coded as a binary (yes, no) for further analysis. The interviewers asked the participants to present their vaccination cards to record the dates of vaccination and to refer to information from the cards when available.
Based on the availability of the data collected, the study has following variables: age group (15–19, 20–24, 25–29, 30–34, 35–39, 40–44, 45–49 years); mother education (none, primary, secondary, higher); household wealth quintile index (poorest, second, middle, fourth, richest); ANC visits (less than four, four or more); and area of residence (urban, rural). In addition, as Sudan has a long history of armed conflicts associated with poor health situation, the country’s states according to the armed conflicts intensity. A previous study done by Dahab et al. created this parameter by using the scale of the Heidelberg Institute for International Conflict Research (HIIK) and they classified the armed conflicts intensity in South Kordofan, Blue Nile, and the five states of Darfur was classified as high [18].
Data analysis
A descriptive statistics method was used to describe the variables and calculate the prevalence of adequate tetanus vaccination. We examined the relationship between adequate tetanus vaccination and the previously described factors. The variables that showed a statistically significant relationship at the bivariate analyses level (p < 0.05) were evaluated through multiple logistic regression analysis. The results were then described in odds ratios with the 95% confidence intervals. The results of all analyses with p-values < 0.05 were considered significant. Statistical analyses were performed using the SPSS software version 20 (SPSS Inc., Chicago, IL, USA).
Results
Among the 18,302 women of childbearing age who were interviewed in the survey, 5622 women who gave at least one birth preceding the survey were the target of this analysis. However, the total number of women with complete data on tetanus vaccination status and involved in this analysis was 5433. Most of the participants (28.6%) were 25–29 years old, and vast majority of them (73.7%) live in rural areas. The findings of the analysis revealed that 80.9% of the mothers had at least one ANC visit, while 64.1% of them had at least four ANC visits. However, only 28.4% of women gave birth in a healthcare institution. The sociodemographic characteristics of the participants are presented in Table 1.Table 1Sociodemographic characteristics of the participants


	Variable
	Level
	Total no.
	Percentage (%)

	Age group
	15–19
	379
	7.0

	20–24
	1099
	20.2

	25–29
	1554
	28.6

	30–34
	1154
	21.2

	35–39
	878
	16.2

	40–44
	286
	5.3

	45–49
	83
	1.5

	Area of residence
	Rural
	4001
	73.7

	Urban
	1432
	26.3

	Wealth index quintile
	Poorest
	1199
	22.1

	Second
	1192
	21.9

	Middle
	1143
	21.0

	Fourth
	1072
	19.7

	Richest
	827
	15.2

	Mother education
	None
	2153
	39.6

	Primary
	1958
	36.0

	Secondary
	919
	16.9

	Higher
	403
	7.4

	Armed conflict intensity
	High intensity areas
	1962
	36.1

	Low-intensity areas
	3471
	63.9

	Ever received ANC
	Yes
	4395
	80.9

	No
	1038
	19.1

	Number of ANC visits*
	Less than four
	1562
	35.9

	Four or more
	2784
	64.1

	Place of childbirth
	Home delivery
	3889
	71.6

	Health institution delivery
	1544
	28.4

	Adequate tetanus vaccination
	No
	2175
	40.0

	Yes
	3258
	60.0


*Data of 1087 participants were missing



Uptake of tetanus vaccine
Table 2 shows the regression analysis results of the predictors of antenatal tetanus vaccination among the participants. The finding of this analysis revealed that the participants’ education was significantly associated with adequate tetanus vaccination. The odds of having antenatal tetanus vaccination was 1.5 and 1.7 times higher among the participants with secondary and higher education compared to women from the none group [secondary (AOR = 1.51, 95% CI 1.22–1.86), higher (AOR = 1.70, 95% CI 1.25–2.32)]. In addition, the participants from higher household wealth index [fourth (AOR = 1.66, 95% CI 1.31–2.11), richest (AOR = 1.90, 95% CI 1.41–2.54)] had higher rates of antenatal tetanus vaccination compared to others.Table 2Regression results of adequate tetanus vaccination among the participants


	Variable
	Level
	Adequate tetanus vaccination

	(%)
	COR
	AOR *

	Age group
	15–19
	61.2%
	Ref
	Ref

	20–24
	64.4%
	1.14 (0.90–1.46)
	1.01 (0.76–1.35)

	25–29
	62.2%
	1.04 (0.83–1.31)
	0.88 (0.67–1.16)

	30–34
	59.2%
	0.92 (0.72–1.17)
	0.84 (0.63–1.12)

	35–39
	53.9%
	0.74 (0.58–0.95)
	0.64 (0.48–0.87)

	40–44
	52.3%
	0.69 (0.51–0.95)
	0.65 (0.45–0.95)

	45–49
	54.2%
	0.75 (0.46–1.21)
	1.01 (0.56–1.83)

	Area of residence
	Rural
	56.5%
	Ref
	Ref

	Urban
	69.5%
	1.75 (1.54–1.99)
	1.01 (0.86–1.19)

	Wealth index quintile
	Poorest
	45.0%
	Ref
	Ref

	Second
	56.0%
	1.55 (1.32–1.82)
	1.26 (1.03–1.55)

	Middle
	58.7%
	1.74 (1.47–2.04)
	1.31 (1.05–1.63)

	Fourth
	69.8%
	2.81 (2.36–3.34)
	1.66 (1.31–2.11)

	Richest
	76.3%
	3.91 (3.24–4.76)
	1.89 (1.41–2.54)

	Mother education
	None
	48.0%
	Ref
	Ref

	Primary
	63.5%
	1.89 (1.66–2.14)
	1.31 (1.12–1.54)

	Secondary
	72.1%
	2.81 (2.38–3.32)
	1.51 (1.22–1.86)

	Higher
	79.0%
	4.08 (3.16–5.27)
	1.70 (1.25–2.32)

	Armed conflict intensity
	High intensity areas
	56.3%
	Ref
	Ref

	Low-intensity areas
	62.0%
	1.27 (1.13–1.42)
	1.34 (1.14–1.57)

	Number of ANC visits
	Less than four
	60.3%
	Ref
	Ref

	Four or more
	72.2%
	1.71 (1.50–1.95)
	1.49 (1.30–1.71)


*Variables included into the model for the adjusted odds ratios: age group, mother education, wealth quintile index, ANC visits, area of residence, and the armed conflict intensity



Regarding the area of residence, no significant difference among the participants from rural and urban areas was observed. However, antenatal tetanus vaccination was significantly higher among women from areas with low intensity of armed conflicts compared to others (AOR = 1.34, 95% CI 1.14–1.57). In addition, having four or more ANC visits was another predictor of antenatal tetanus vaccination among the participants (AOR = 1.49, 95% CI 1.30–1.71).
Discussion
It has been challenging to improve maternal and neonatal health in low-income countries, where the limited access to health services renders women vulnerable to worse health outcomes. Of these essential health services, antenatal tetanus vaccination among the participants remains a primary public health problem in developing countries. This study aimed to fill the current gap in the literature about antenatal tetanus vaccination in Sudan. Overall, the study results show that the proportion of pregnant women with antenatal tetanus vaccination was 60.0%. This was associated with the mothers’ education, household wealth index, adequacy of ANC visits, and residence in areas with low intensity of armed conflicts. However, other studies from other sub-Saharan African countries reported higher prevalence rates of receiving adequate antenatal tetanus immunization [8, 21–24]. For example, a cross-sectional survey of 8722 women in Sierra Leone in 2017 showed that the prevalence of antenatal tetanus vaccination reached 81.9% [22]. Also, it has been estimated that antenatal tetanus vaccination reached 89% and 91% in 2017 in Kenya and Zambia, respectively [24]. The noticeable high rate of adequate ANC visits in the Sierra Leonean study (85.5%) compared to our study could explain the differences in rates of antenatal tetanus vaccination. Also, the poorer economic status in Sudan, a low-income country, compared to Kenya and Zambia, which are lower-middle-income countries, and the long history of civil war in Sudan could explain the lower rate of vaccination in our study [18, 25].
The study results show that both individual- and community-level factors were associated with antenatal tetanus vaccination. The finding that maternal education has a significant relationship with antenatal tetanus vaccination is consistent with the results of an analysis of the Ethiopian Demographic and Health Survey 2016, reporting that the odds of having a protected birth against tetanus was 1.36 times higher among mothers with secondary and above educational level than those without formal education [8]. Hence, it would be safe to say that education can improve the uptake of tetanus vaccination as educated women tend to have a greater decision-making power regarding their health and have the freedom to travel outside the home to seek healthcare.
Our findings revealed that antenatal tetanus vaccination was significantly associated with a higher number of ANC visits, consistent with other studies done in Ethiopia and Sierra Leone [8, 18]. The ANC visits offer opportunities to reach pregnant women with information on several health practices and interventions that may be vital to their health and well-being. Women who attend more ANC visits are more likely to be informed about the importance of antenatal vaccination than those who attend less [8, 22].
The sociocultural differences and inequality in the distribution of healthcare facilities could contribute to the observed regional variation of antenatal tetanus vaccination, a similar finding reported by other studies conducted in several developing countries [8, 21–23]. However, the armed conflicts in the case of Sudan put further challenge, since these high-risk areas are often geographically remote with poor infrastructure and health system. Inequalities in access to healthcare could threaten the overall growth development of a country.
We found that antenatal tetanus vaccination tends to be higher among the younger age groups compared to the others. However, the findings of previous studies were controversial [12, 26]. A cross-sectional survey of 9583 women in Ivory Coast conducted by Yaya et al. showed that women in higher age groups have higher rates of antenatal tetanus vaccination but they suggested that this relationship was affected by other factors such as the exposure to multiple pregnancies among older women and attending more ANC visits [23]. On the other hand, other factors could be the reasons for the higher vaccination rate among younger women in this study such as the recent improved access to modern media sources and the formal female education.
Similar to our findings, studies identified wealth status as one of the determinants of antenatal tetanus vaccination [9]. Even with the affordability of the vaccines and being free of charge, the accessibility to healthcare centers could be the cause of differences in rates of antenatal tetanus vaccination. The financial means enable women from wealthy households to get easier access to healthcare services compared to those from poor households [23].
As an implication of this study, the present data could permit targeted tracking of the vulnerable subgroups to improve ANC and tetanus vaccination. For example, a previous successful scale-up program was established in Darfur, Sudan, from 2007 to 2009 [27]. The interpersonal communication and mass education campaigns increased coverage and access to ANC health services among 15- to 49-year-old women. The number of women who received ANC visits and tetanus vaccination had risen significantly in the follow-up than in the initial survey [27].
Though this study aimed to quantify the problem in a nationally representative population sample, it still has some limitations. The first important limitation of the study is that the self-reported nature of the study raises the possibility of recall bias. The second limitation of the study is that the secondary data source used for this analysis allowed us limited control over the correlated variables to include in the analysis.
Conclusions
Having antenatal tetanus vaccination was significantly associated with individual and community-level factors. Household wealth and mothers’ education have a significant impact on rates of tetanus vaccination in Sudan. In addition, the findings highlight the unequal rates of antenatal tetanus vaccination among women of childbearing age in Sudan. Interventions to improve the use of maternal health services and to reduce the observed inequalities between states should include the promotion of female education and improving the affordability of tetanus vaccine across different regions of the country.
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