What are the essential components of Antenatal Care? A systematic review of the literature and development of signal functions to guide monitoring and evaluation.
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Abstract
Background 
Antenatal Care (ANC) is one of the key care-packages required to reduce global maternal and perinatal mortality and morbidity   
Objectives
To identify the essential  components of ANC and develop signal functions  
Search strategy
MESH headings for databases including Cinahl, Cochrane, Global Health, Medline, PubMed, and Web of Science
Selection Criteria
Papers and reports on content of ANC published from 2000-2020  
Data collection and Analysis
Narrative synthesis of data and development of signal function through 7 consensus-building workshops with 184 stakeholders
Main Results
A total of 221 papers and reports are included from which 28 essential components of ANC were extracted and used to develop 15 signal functions with the equipment, medication and consumables required for implementation of each.   Signal functions for the prevention and management of infectious diseases (malaria, HIV, tuberculosis, syphilis and tetanus) can be applied depending on population disease burden. Screening and management of pre-eclampsia, gestational diabetes, anaemia, mental and social health (including intimate partner violence) are recommended universally.  Three signal functions adress monitoring of foetal growth and wellbeing and identification and management  of  obstetric complications. Promotion of health and wellbeing via education and support  for nutrition, cessation of substance abuse, uptake of family planning, recognition of danger signs and birth preparedness are included as essential components of ANC.      
Conclusions
New signal functions have been developed which can be used for monitoring and evaluation of content and quality of ANC. Country adaptation and validation is recommended. 
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Introduction 
Although significant progress has been made with increased global coverage of interventions to reduce maternal and perinatal deaths, there is wide recognition that further improvement in outcomes will depend on the ability to address the gap between coverage and quality not only around the time of birth, but across the continuum of maternal and newborn care. 1,2 
The United Nations Global Sustainable Development Goal (SDG 3) for health is to ‘ensure healthy lives and promote well-being for all at all ages’. Similarly, the Global Strategy for Maternal, Newborn, Child and Adolescent Health (RMNCAH) emphasises that all women and their babies have the right to the highest attainable standard of health and well-being so that they ‘survive, thrive and transform’.3 Health is defined as not merely the absence of disease and includes the physical, mental and social aspects of health.4  
The RMNCAH Global Strategy recommends investments in evidence-based interventions throughout the life course, from birth through childhood and adolescence and into adulthood, and comprehensive antenatal care (ANC) is one of the interventions to be prioritized in maternal health. Globally, the burden of pregnancy-related morbidity is significant including maternal malnutrition, infection, neonatal diseases, and low birth weight  correlated with social and economic development. 5,6 The concept of maternal morbidity has been defined and explored in more depth by an international working group. 7 Recent studies using this comprehensive approach and definition of maternal morbidity show that during and after pregnancy co-morbidity is common and for  women of low- socio-economic status  as many as 3 out of 4 have clinical symptoms, abnormalities on clinical examination and/or laboratory investigation, 1 in 2 women have anaemia, 1 in 3 social morbidity and 1 in 4 mental health problems. 8,9
[bookmark: _Hlk45895095][bookmark: _Hlk56450942]ANC offers a critical platform and opportunity for women to access healthcare services. These services aim to prevent, identify, and manage conditions that cause maternal and/or perinatal morbidity, and which may, if left untreated, result in, or contribute to, maternal mortality, stillbirth, and neonatal death. Pregnant women represent the highest number of users of healthcare services globally with over 83% of all women accessing a healthcare facility to receive ANC on at least one occasion during pregnancy and 64% attending four times or more.10 Thus, strengthening and improving availability and quality of these services provides a unique opportunity to enhance uptake of essential care and improve health outcomes.  ANC is one of the core services provided at primary care level and is thus an important component of the agenda for a renewed focus on primary healthcare underpinning the aim of achieving Universal Health Coverage (UHC). The provision of ANC is one of the key indicators used to measure achievement of UHC.11 
With regards to the provision of ANC, to date the emphasis has often been on the timing (within first trimester) and frequency of ANC visits or contacts rather than on the content of the ANC care package.  Whereas the previous strategy aimed for at least four ANC visits during pregnancy as part of ‘Focused ANC’, the new WHO guidelines recommend a minimum of eight visits or ‘contacts’.12,13 However, without the right content such contacts will largely remain ‘missed opportunities’.14,15  
Although for care packages such as emergency obstetric and newborn care, minimum content and signal functions have been defined and successfully applied to monitor availability and quality of care,16 there is currently no consensus on a minimum set of  essential interventions and signal functions that can guide the monitoring and evaluation of the content and quality of ANC. 
We conducted a systematic review of the literature to identify the essential components of ANC. Secondly, we conducted consensus-building workshops with international partners to agree a new framework of signal functions for ANC and the requirements for implementation of these to be used for the monitoring and evaluation of ANC across global settings.
[bookmark: _Hlk31797548]
Methodology
The PRISMA guidelines were followed for this systematic review and a narrative summary of results is provided.17 The World Health Organisation (WHO) definition of Antenatal Care was used: “Antenatal care (ANC) can be defined as the care provided by skilled health-care professionals to pregnant women and adolescent girls in order to ensure the best health conditions for both mother and baby during pregnancy”. 13
[bookmark: _Hlk60664864]The review protocol was registered (PROSPERO 2018 CRD42018107043).
Search strategy
[bookmark: _Hlk66282870]A systematic search strategy was developed. Six databases including Cinahl, Cochrane, Global Health, Medline, PubMed, and Web of Science were searched using MeSH Headings, subheadings, thesaurus, and key word searches. Bibliographies from the articles selected for full text retrieval were reviewed to identify additional relevant studies. Key word searches were also conducted in Google Scholar. (Table S1 - Search Terms).
Inclusion criteria
Articles from indexed journals describing one or more components of the content of ANC were included. Articles were limited to those published in English and French published  between January 2000  (to coincide with the development of the Focused ANC approach and guidelines)  and September 2020.  
Exclusion criteria
Studies that did not describe at least one content component of ANC were excluded.  Studies were also excluded if they were case studies or research protocols. Finally, studies with no research methods such as journalistic style articles, editorials and individual volunteer accounts including personal reflection accounts were excluded.
Terminology
For this review, we used the term ‘component’ to denote individual interventions or actions that are considered part of the ANC care package.  The terms ‘core’, ‘key’, ‘vital’ and ‘essential’ are used interchangeably in the literature. For the purpose of this review we use the term ‘essential’ to denote a requirement for the ANC care package.  In obstetrics ‘signal functions’ are used to denote a representative shortlist of key interventions and activities that address major causes of maternal and perinatal morbidity or mortality.13 These were first used in obstetrics to define Emergency Obstetric Care with nine identified signal functions describing this care package.  Additional signal functions for early newborn care have also been proposed.18 A list of signal functions does not include every service that may need to be provided but are considered as representative of a minimum essential care package that needs to be in place. The equipment, medication and/or vaccines required to implement each signal function can be identified and must be in place to be able to provide each relevant component of care.  

Study selection 
Papers identified from the electronic searches were imported into Endnote and duplicates were removed. Three independent researchers reviewed all titles and abstracts to determine if papers met the inclusion criteria. Where inclusion/exclusion criteria could not be determined from the titles and abstracts alone, full articles were retrieved and reviewed for relevance. For articles without abstracts, full articles were retrieved and reviewed. Studies that were irrelevant were excluded, and those, which were uncertain or potentially relevant, were retained and their full text retrieved. 
Data extraction
Using a pre-designed data extraction form, information for each study was extracted by two independent researchers to include type of study, population, and the individual components of ANC recommended or assessed.  Any disagreement was resolved by discussion with a third researcher. Information obtained from studies that reported on more than one component of ANC was recorded in a central summary table. Studies that reported on only one component of ANC were summarised in separate tables by themes which were identified during review.
Data synthesis
A narrative synthesis was used to summarise findings. All identified individual components of ANC were listed and were categorised to develop a draft list of  25 signal functions with identification of the equipment, medication and consumables required to deliver each. A series of consensus-building workshops were held  (3 international and 4 national) with a range of stakeholders (184 in total) including; researchers, clinicians, health service managers from low and middle income countries (Afghanistan, Chad, Ghana, Togo, Nigeria) and key representatives from UN partners (UNFPA, WHO, UNICEF, and  the Global Fund) which resulted in consensus for a comprehensive list of 15 proposed signal functions. 

Results
Description of studies
The search from databases yielded 3147 potentially relevant publications. After removing duplicates, abstracts were reviewed and after applying the inclusion and exclusion criteria 257 papers were identified for full text review. Of these a further 36 were excluded with a total of 221 studies identified for inclusion in this review. (Figure 1: Prisma Diagram). Main reasons for exclusion were: case studies, policy or study papers not reporting on content of ANC per se. Of the 221 included papers 30 reported on multiple components of ANC. (Table S2 - Summary of studies included and reporting on more than one component of ANC). Of the 30 papers included, eight (including the five systematic reviews) report on global populations, five are from HIC and the remaining 17 are from LMIC settings. 
All other papers included (191 papers) reported on only one single component of ANC and were subsequently grouped by 12 themes identified following review including (in order of frequency); infections (35), health promotion (26), mental health (22), social health (21), nutrition in pregnancy (17), obstetric disorders (11), preterm birth (8), pre-eclampsia(6), screening and management of sexually transmitted infections (STI) (6), medical disorders in pregnancy (5), management of common pregnancy discomforts (3) (Summary Tables: Available on request).
Synthesis for papers reporting on single components of ANC
Infections 
For papers reporting on screening and management of infection in pregnancy almost half of all papers (11/35) were from sub-Saharan Africa and focused on malaria in pregnancy including with regard to; dosage and frequency of sulphadoxine-pyrimethamine (SP) prophylaxis and use in HIV-infected women, distribution and use of bed nets and/or highlighting the need for improved used of rapid diagnostic tests for malaria including for monthly screening. More than half (18/35) of the studies reported on HIV with the majority focused on programmes and approaches for the prevention of maternal to child transmission (PMTC), treatment and follow up of HIV-infected women, and, with some papers discussing the practicalities and ethical issues surrounding routine testing for HIV status during ANC. Finally, several papers highlighted the need for integration of approaches to HIV, including recommendations for dual HIV-syphilis testing. 19,20 Only one paper from south Africa recommended screening for active TB during ANC (using a syndromic approach). 21 Five papers mainly from HIC discussed the importance of screening and management of urinary tract infections (UTIs) and asymptomatic bacteriuria during pregnancy.
Regarding Sexually Transmitted Infections (STI, other than HIV) (6 papers), the majority of studies (4/6) discussed approaches to point-of-care testing for syphilis 22-25 with one paper focusing on diagnosis of bacterial vaginosis23 and one specifically  on the limitations of using the syndromic approach to screening for STIs during ANC.24  
Health Promotion and Nutrition
In total, eight of the 26 papers on health promotion considered breastfeeding (teaching  mothers how to BF, education regarding benefits of exclusive BF) , five discussed maintenance of a healthy BMI during pregnancy (all from European settings), five discussed birth preparedness, three papers focused on bladder, pelvic floor and perineum care. Two papers reported on the importance of discussing family planning in the antenatal period.26,27  An additional 17 papers focused specifically on nutrition advice including four papers focused on the need for iron supplementation, three for multi- micronutrient supplementation and papers on Vit D and calcium supplementation (all from LMIC)
Mental and Social Health
Of 22 papers on mental health, the majority highlighted the importance of screening for anxiety and depression both during and after pregnancy, one highlighted the effectiveness of counselling and cognitive behaviour therapy (CBT) 28 for anxiety, three reported on the effectiveness of acupuncture, massage and music for anxiety and stress in the mother. 29-31 
A similar number (21) of papers reported on social health including; eight papers reporting on various approaches to encourage smoking cessation (financial incentives, counselling, CBT) or reducing alcohol use (psychological and educational interventions). One paper presented models of care for women with complex social factors including substance misuse and smoking. 32 Two papers focused on the need to identify women who experienced intimate partner violence during pregnancy.33,34 
Obstetric and Medical Disorders
The need to recognise and provide support for common symptoms in pregnancy was highlighted including for dyspepsia 35,nausea and vomiting 36,37, and management of varicose veins and leg oedema. 38 Of 11 papers on obstetric problems and five on medical disorders in pregnancy, nine focused on gestational diabetes including risk factors and determinants, the effect of dietary and medical advice and treatment in reducing perinatal complications. Two papers reported on use of prophylactic anti-D to prevent Rhesus alloimmunisation in Rh- negative women.39,40
A range of papers describe different screening models for pre-eclampsia (including measuring blood pressure (BP), conducting urine analysis for protein and mid-trimester uterine artery doppler examination) as well as discussed treatment protocols for hypertension/pre-eclampsia (aspirin, antihypertensives and magnesium sulphate). 41-47 Nine papers focused on preterm birth including with regard to determination of cervical length (four papers),48-51 effectiveness of prophylactic administration of progesterone to prevent preterm birth (two papers) 48,51  and the importance of antenatal steroids to promote lung maturity (two papers). 52,53 
Synthesis for papers reporting on multiple components of ANC   (Table S2 - Summary of studies included and reporting on more than one component of ANC) 
In total 30 papers are included of which five are systematic reviews. A leading systematic review by Carolli et al 54 included seven RCT to compare a model with reduced (four) ANC visits to models with a ‘standard’ (> four) number of visits, showing no difference in outcomes and leading to the development of the ‘Focused ANC model’ by WHO recommending a minimum of four ANC visits. 12 One systematic review focused on effectiveness of different models of delivery of ANC for vulnerable women 55 while Downe et al 56 summarised women’s expectations of care including regarding content, and Miller et al 57  provided a systematic review of evidence-based clinical practice guidelines for routine antenatal, intrapartum, and postnatal care. Renfrew et al 58 developed a framework for midwifery scope of practice using a mixed-methods approach including synthesis of findings from systematic reviews of women's views and experiences, effective practices, and maternal and newborn care providers. 
Downe et al 56 highlighted four key areas to be included in ANC; i) maintaining physical and socio-cultural normality, ii) maintaining a healthy pregnancy for mother and baby (including preventing and treating risks, illness and death), iii) effective transition to positive labour and birth and iv) achieving positive motherhood (including maternal self-esteem, competence and autonomy). The systematic review of evidence-based clinical practice guidelines by Miller et al 57  highlighted the need to ensure that these reflect local priorities and disease burden, take into account the shift to improved screening for prevention and early detection and treatment during ANC, and minimise care that does not improve outcomes and/or could cause harm.   
Several papers reviewed clinical practice guidelines including Bernloehr et al 59 who conducted a comprehensive survey of guidelines for ANC for the 25 member states of the European Union to assess if a common minimum guideline could be established. A total of 23 tests were recommended by more than 50% of the member states for more than 50% of the population – of these 19 were considered evidence-based and four require further evidence for recommendation although are commonly practiced as routine components (vaginal examination, auscultation of the foetal heart, oral glucose tolerance test, urine-analysis for glucose). The NICE UK guidelines cover the care recommended for healthy women and their babies during pregnancy including regular check-ups, information, and support. 60
Bollini et al 61 reviewed two sets of guidelines (including NICE UK 2008 and RAND USA  2006) to develop indicators to assess quality of ANC and identified 47 components in total with 25 pertaining to screening and 17 interventions which were considered applicable particularly in high-income settings.  Rumbold et al 62 checked adherence to recommended ANC protocols via case-note review of indigenous people in Australia including regarding; food security, financial situation and housing in addition to the routine ANC components.  
A range of other papers described and discussed content of ANC in the context of assessments of the quality of care; Heredia-Pi 63 assessed quality of care using four indicators only one of which was pertaining to content (the others related to process and frequency of ANC). Wilunda et al 64 in Uganda assessed content of ANC received by over 300 women by assessing eight components and noted that blood tests for syphilis were done in 4% and haemoglobin measurements in 1% of women only. Succi et al 65 studied the effect of a new ANC-focused programme at BHU in Sao Paolo (basic health care units) on HIV and Syphilis screening (to be tested twice during ANC), timing of first visit (in first trimester) and number of visits (minimum six). Yeoh et al 66  in Malaysia used national guidelines against which to assess ANC ‘adequacy’ focusing on i) timing and number of visits as well as ii) detailed components including physical examination, health screening, case management and antenatal education. Yeoh et al recommend additional care for ‘high risk’ vs ‘low risk’ women.
Diamond-Smith 67 in Kenya and Namibia using secondary data from service provision assessments report on availability of ANC components including those assessed as part of Demographic and Health Survey Data (DHS) plus availability of STI treatment. Other studies also used DHS data to assess availability of ANC. Saad-Haddad et al 68 assessed four components across seven countries, Benova et al 69 conducted a secondary analysis of DHS data from 10 LMIC to assess six key components across all countries and additionally 1-8 country-specific components of ANC. Similarly, Hodgkin et al 70 used 41 DHS data sets to assess up to eight components of ANC as reported by women who had delivered during the preceding 2 years.  DHS rely on recall and document what care women report as having received during their last pregnancy. Indicators vary across settings but most commonly include four components (whether urine and blood were taken to be examined, whether blood pressure was measured, whether women were told about ‘danger signs’ of pregnancy) and sometimes are expanded to include whether women received malaria prophylaxis, iron-folate supplementation, tetanus toxoid injection, and HIV counselling and testing . These studies consistently report that that most women did not receive these key components of ANC and authors call for a renewed focus on content and process of delivering ANC. 
Marchant et al  71 (Ethiopia, Nigeria and India) looked primarily at the content of ANC via a cluster-based household survey with women who had delivered in the last 12 months interviewed to see if eight components of ANC had been provided including; weight and height, blood pressure measurements, blood and urine tests, and three ‘counselling’ aspects- danger signs in pregnancy, emergency preparedness and breastfeeding. Worku et al 72 in Ethiopia assessed availability of 23 different components of ANC at healthcare facility level.
Habib et al 73 assessed physician performance when providing ANC at primary care level including with regard to clinical assessment, health promotion and care provision and is one of the few studies specifically including ‘social wellbeing’ with a focus on personal wellbeing including rest, domestic abuse, ‘wanted-ness’ of the pregnancy and hygiene.
Turan et al 74 assessed hospital-based care via a mixed methods study including six major elements: technical competence, continuity of care, good interpersonal relations, information and counselling, appropriate constellation of services, and provision of choices. A wide range of content was assessed but this study reported that ‘overuse of technology’ meant some key basic components of ANC were missing. Recommendations included addition of tetanus vaccination, weight measurement, blood pressure check, measurement of haemoglobin, foetal heart rate determination and the provision of iron pills were identified as key components to be included in an expanded DHS in Turkey.
Voerman et al 75 used a mixed-methods approach to identify 20 indicators of community-based care which were derived after a review of guidelines, healthcare provider input and women’s opinions. 
Several Global or Regional reviews were identified which serve as strategy or policy documents. Abou-Zahr and Wardlaw 76 provided a comprehensive overview of trends and levels of ANC provided in developing countries between 1990 and 2001 reporting that, although the majority of women accessed ANC and there was ‘broad consensus’ on what should be provided, there was a lack of information on content of ANC provided including with regard to nine key interventions or components highlighted in this review. Lincetto et al 77 in a review to identify opportunities to improve care and outcomes for newborns in Africa highlighted essential components of focused ANC (including screening for pre-eclampsia, domestic violence, providing tetanus toxoid, malaria prophylaxis and bed nets, advice on emergency preparedness as well as dietary advice and social support)
The PMNCH summarised evidence-based essential care packages required along the continuum of care for women and children and this was further summarised in a paper by Lassi et al.2,78 This included 16 interventions specifically to be provided during pregnancy as part of ANC. 
In preparation for the new WHO recommendations on ANC for a positive pregnancy experience Abalos et al 79  identified 85 guidelines focused on ‘routine’ ANC for healthy women which were published after 2000. A total of 49 specific recommendations including 19 on content including; nutritional interventions (2), maternal and foetal assessment (5), preventive measures (2), interventions for common physiological symptoms (6); 23 context-specific recommendations, and 7 ‘not recommended’ are provided 13  
[bookmark: _Hlk66283078][bookmark: _Hlk65681069]Excluding the five systematic reviews, for the 25 reports or papers reporting on multiple components of ANC  (including the two guidelines published by WHO 13 and the PMNCH 2 ), a total of 28 components of ANC identified as essential were extracted. Results are presented in Table 1 – Components of ANC identified and number of papers supporting each component of ANC.  
[bookmark: _Hlk66283119]These components were further grouped, detailed and validated through peer-review and consensus-building workshops and developed as proposed signal functions of ANC (Table 2 - Proposed signal functions for ANC with components and outline of required equipment, medication and  consumables). 
The workshop participants further discussed and highlighted the need for adaptation of details (e.g. drug regimes for treatment and prevention) dependent on country policy and practice and adaptation of number of signal functions applied dependent on population burden of disease (e.g. for tuberculosis screening).  There was consensus that the  proposed ANC signal functions would be useful for monitoring and evaluation including for  healthcare facility assessments e.g. to assess the proportion of healthcare facilities at primary, secondary and tertiary level that are able to provide each of these components, assessment of barriers to implementation e.g. non-availability of equipment, drugs, consumables and/or human resources.  Signal functions can further be used as a basis for the assessment of service delivery e.g. regarding the proportion of women who received each component during an ANC visit or contact. 

Discussion
Statement of principal findings
A systematic review of the literature shows that although there are a  wide range of policies and guidelines in place, there is currently no agreement on what may be considered the minimum set of essential components of the ANC care-package and there are no proposed signal functions for the monitoring of the content or quality of ANC.  ANC is expected to be inclusive of a wide range of functions including screening for, prevention, and management of pregnancy-related physiological symptoms and complications, infectious and non-infectious morbidity, social and mental health, health promotion as well as preparation for birth and care of the newborn baby. Provision of ANC is also expected to contribute to a positive pregnancy experience. 
In High Income Countries (HIC) the focus has most recently been on promotion of mental and social wellbeing, a positive pregnancy experience, and preparation for motherhood. This may be because ‘routine’ ANC as provided in these settings is already guaranteed to include the required components that address the more clinical aspects of maternal and perinatal morbidity. Screening and management of (pre)-eclampsia is universally recommended. In low- and middle- income (LMIC)  and humanitarian settings the literature is most often focused on the importance of the prevention, detection, and management of infectious diseases including neonatal tetanus, syphilis, malaria, HIV, as well as on anaemia in pregnancy which is caused by both nutritional deficiencies  and/or infection.  In addition, education regarding the ‘danger signs’ of potentially life-threatening complications in the mother and/or baby and promoting skilled birth attendance have been seen as essential functions of ANC in LMIC and humanitarian settings. Screening, prevention, and management of Tuberculosis, one of the three predominant infectious diseases globally, is not a recognised component of ANC in any setting. 
After in-depth review of included papers, guidelines, and reports, 28 components of ANC were identified that are considered essential. These were further analysed and developed via a process of peer-review and consensus-building workshops with a wide range of stakeholders into a framework of 15 signal functions to be used as indicators of content of ANC and for monitoring and evaluation. 
Strengths and weaknesses of the study
This systematic review was registered and followed standard principles and analysis. We sought to establish a minimum set of essential components for routine ANC which can in principle be applied at all levels of the health system.  We recognise that components of ANC that are more specialised and can be applied at secondary or tertiary level (e.g. foetal anomaly screening) or interventions that are relevant for women with specific pre-existing morbidity  (e.g. previous preterm birth, previous stillbirth,  existing mental health illness) are not represented in the list of 28 components and/or 15 signal functions. The framework of signal functions is meant to be representative rather than inclusive of all possible interventions.  This review focused on routine ANC and did not consider pre-conception or early pregnancy care. Similarly, interventions required at the time of birth for complications (e.g., provision of corticosteroids in case of preterm birth, external cephalic version in case of breech presentation, and induction of labour for post-term gestation) are not included. The systematic review of the literature included peer-reviewed papers as well as policy documents and guidelines. We recognise that the majority of papers included are observational studies, assessments of availability and quality of care with indicators for content developed specifically for the study (rather than relating to international standards), or secondary analyses using DHS data. To the best of our knowledge there has been no previous attempt to develop signal functions for ANC. We propose  a new framework of signal functions for future use and expect that these may require adaptation and refinement based on application in various settings and depending on the level and type of health system and population burden of disease.   
Context in relation to other studies 
The 2016 WHO guidelines provide recommendations - with the available evidence for each - related to five types of interventions for ANC;  including for nutrition, maternal and foetal assessment, preventative measures, interventions for common physiological symptoms, and health system interventions to improve utilisation and quality of ANC. 13 The proposed signal functions developed following this systematic review have taken these guidelines into account but go beyond providing recommendations to identify a set of defined and measurable components representing a minimum essential content of ANC.  
Demographic and Health Surveys (DHS) are nationally representative household surveys that provide data for a wide range of monitoring and impact evaluation indicators in the areas of population, health, and nutrition.  Standard DHS Surveys have large sample sizes (usually between 5,000 and 30,000 households) and typically are conducted every 5 years, to allow comparisons over time. Data are freely available for analysis (www.dhsprogram.com)  Under maternal health, antenatal, delivery, and postnatal care are assessed. DHS data collection varies across settings but most commonly include the assessment of four components of ANC, i.e., whether 1) blood and 2) urine were taken for examination 3) blood pressure was measured, and 4) pregnancy problems or danger signs were discussed. Information is obtained from women of reproductive age (15-46 years) via questionnaire and  responses are  based on recall of care received during the last pregnancy in the preceding 3 or 5 years. Both the limited set of indicators assessed and dependency on recall are serious limitations of the DHS data regarding availability of ANC.  Countries most frequently report coverage of ANC based on the proportion of women who have received at least four visits (regardless of content) and the limitations of this indicator have been highlighted in several earlier studies advocating for a renewed focus on content rather than frequency of ANC visits.15,70 
A study comparing guidelines across all 25 European member states attempted to develop a core set of evidence-based components for ANC relevant to the largest proportion of pregnant women accessing routine care for uncomplicated pregnancies in each setting. 59 This was probably the only other comparable attempt regarding the identification and development of signal functions for ANC that intended for use across Europe to assess and compare content of care using a common approach.
Similarly, the PMNCH in 2011 through scoping reviews and international consensus-building set out a list of essential components of ANC but these did not include screening for social and mental health and/or for TB.2 Screening for TB has most likely not been previously included because of lack of point-of care testing which is now available and has been used in some settings with success.  In settings where TB is prevalent in the general population (> 100 per 100,000 population) it is now recommended that systematic screening for active TB should be considered as part of ANC and we have included this as one of the proposed ANC signal functions. 80-82
Meaning of the study: possible mechanisms and implications for clinicians or policymakers
There is a wealth of existing research investigating individual components of ANC and the evidence for effectiveness of  each of these for a variety of complications and morbidity that can occur during pregnancy. However, to date, there is a lack of literature defining what should be considered the minimum essential care package during pregnancy and a lack of consensus about  the key components of and signal functions for ANC.
Agreement on the minimum or essential content of ANC is important for health systems and  services delivery. Many countries have developed or are developing Essential Health Care Packages (EHCP) or Minimum Service Standards (MSS) with specified content of care as well as the required human resources, equipment, medicines, vaccines and consumables to deliver this content. In humanitarian settings this includes decisions on the content of a Minimum Initial Service Package (MISP) which is a set of crucial actions to be implemented  for the population in need including as one of the main aims; to prevent maternal and newborn death and illness. 83 Global guidance and renewed agreement on the content of ANC is much needed to inform these policies and strategic documents.   We recognise that country adaptation is needed, e.g., in areas of low prevalence of HIV, malaria, or TB, screening is not mandatory and specific pregnancy prophylaxis regimes vary.  Similarly, there is currently a lack of consistency in national standards and the need for these to developed and applied to be able to systematically address inequality /inequity has been recognised. 62, 83 
Unanswered questions and future research
Currently, several terminologies are used in guidelines and policy documents including ANC as a ’bundle of care’. ‘Components’ of care as well as ‘signal functions’ and ‘standards’ are all used when describing the content of healthcare and services delivered. In this paper, we propose signal functions and their relevant components, describing the process (what needs to be done) and structure (what is needed) required to deliver each.  The usefulness of such signal functions has been well demonstrated in the evaluation and monitoring of the availability and quality of Emergency Obstetric and Newborn Care across the world. 13,84,85  There is a need to further investigate if the proposed signal functions for ANC can similarly be used. In addition, it will be important to explore the possibility to include signal functions for ANC in an expanded DHS, in existing Service Availability Rapid Assessment (SARA) tools, and/or as part of the proposed Integrated Quality of Care assessment tool.84,86,87  
CONCLUSION
ANC is a critical platform for women and babies to access care globally. These services aim to prevent, identify, and manage conditions that cause maternal and neonatal morbidity, and which may result in, or contribute to maternal mortality, stillbirth and neonatal death. Strengthening and improving the availability and quality of ANC provides a unique opportunity to enhance uptake of essential care and improve health outcomes. This fits well into the agenda of a renewed focus on primary healthcare as a pathway to attaining Universal Health Coverage (UHC) and achieving the Sustainable Development Goals which are top priorities for the global development agenda.
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Table 1:  Components of Antenatal Care (ANC) identified and number of papers supporting each component 
	

Number
	 

Component of ANC 
	Number of papers 
reporting as essential component 
(out of 25 papers) 

	1
	Screening for and management of anaemia
	21

	2
	Screening for (pre-) eclampsia
	20

	3
	Provide advice on birth preparedness and danger signs in pregnancy
	16

	4
	Screening for and management of bacteriuria and/or proteinuria 
	16

	5
	Assessment of foetal wellbeing during pregnancy
	14

	6
	Screening for and management of Syphilis
	14

	7
	Screening for prevention and management of  HIV including PMTCT 
	14

	8
	Screening for prevention and management of Malaria
	13

	9
	Prevention of neonatal tetanus by immunisation of mother with tetanus toxoid 
	13

	10
	Advice on nutrition in pregnancy
	13

	11
	Early ANC visit with calculation of Estimated Date of Delivery (EDD) to prevent pre- and post- term birth 
	12

	12
	Screening for prevention and management of STIs
	11

	13
	Estimation of Body Mass Index (weight/height)
	10

	14
	Screening and counselling for mental health
	10

	15
	Screening and management of substance misuse during pregnancy (including smoking)
	10

	16
	Counselling on family planning/contraception
	10

	17
	Counselling on breast feeding 
	9

	18
	Ultrasound during pregnancy
	9

	19
	Screening for prevention and management of other infections during pregnancy 
	9

	20
	Screening and counselling for domestic violence/abuse
	8

	21
	Advice for common physiological discomforts during pregnancy
	7

	22
	Screening for multiple pregnancy, abnormal lie and presentation during pregnancy
	7

	23
	Screening for medical conditions (asthma, cardiac problems a.o.)
	7

	24
	Screening and management of gestational diabetes
	6

	25
	Management of unintended/ unwanted pregnancy, safe abortion care
	6

	26
	Prevention of Hepatitis B
	6

	27
	De-worming
	6

	28
	Screening for, prevention and management of Tuberculosis (TB)
	4












Table 2 - Proposed signal functions for ANC with components and outline of required equipment, drugs, and consumables.
	Signal Function 
	 Components
	Essential equipment, drugs, and consumables [footnoteRef:1] [1:  Assumes availability of essential consumables such as non-sterile gloves, needles, syringes or capillary tubes, skin swabs, tourniquet and cotton wool.] 


	1. Screening for (pre-)Eclampsia  

	Measure BP
	BP machine and stethoscope

	
	Test urine for proteinuria[footnoteRef:2] [2:  Including for bacteriuria – same urine dipstix – although not specific to screening for pre-eclampsia] 

	Urine dip-stix, urine containers

	1. Screening for, prevention, and management of Anaemia
	Measure Haemoglobin (Hb) 
	HemoCue® machine and cuvettes, or laboratory measurement of HB e.g Coulter counter 

	
	Provide ferrous sulphate with folic acid
Nutritional advice
	Ferrous sulphate tablets (preferably combined with folic acid) 

	1. Screening for, prevention, and management of Malaria

	Test for malaria 
	Thermometer
Malaria rapid test, or malaria microscopy done in lab

	
	Provide bed nets
	Bed nets (preferably insecticide-treated) 

	
	Provide Intermittent Presumptive Treatment (IPT) (prophylaxis)
Provide treatment for malaria positive women
	Drugs for prevention and management of malaria in pregnancy2 including; Sulphadoxine-Pyramethamine (SP) for prophylaxis, artemisinin-based combination therapy (ACT) or artesunate inj or Arthemeter inj for treatment (or as specified in national guidelines)  

	1. Screening for, prevention, and management of HIV

	Test for HIV 
	HIV rapid diagnostic test (RDT) (single or combined with syphilis RDT) and/or laboratory 

	
	Provide Prevention of mother to Child Transmission Care (PMTC) 
Provide anti-retroviral drugs (ARV) for mother and baby 
	Drugs[footnoteRef:3] for treatment of HIV during pregnancy and prevention of maternal to child transmission (PMTCT) [3:  All drugs as per national protocol – specific drug regimes not provided here as  can vary and needs to be specified for each country] 


	1. Screening for, prevention, and management of Syphilis
	Test for syphilis 
	Rapid test for syphilis (preferred dual with HIV – rapid test)

	
	Provide antibiotics  
	Procaine Penicillin for i.m use – or alternative antibiotic

	1. Screening for, prevention and management of Tuberculosis (TB)

	Test for TB (sputum Ziehl-Neelsen stain  or Gen expert point of care testing)
	Sputum pots, Lab for sputum Ziehl-Neelsen staining 
or GenExpert point-of-care testing[footnoteRef:4] [4:  Consolidated guidelines for the diagnosis of TB] 


	
	First line TB drugs (preferred)
	Drugs 3 for treatment of tuberculosis (TB) in pregnancy

	
	BCG vaccination for newborn
	BCG vaccination

	1. Prevention of Tetanus in mother and baby
	Tetanus toxoid vaccination
	Tetanus toxoid vaccination

	1. Screening and counselling for mental health and domestic violence
	Screening tools
Counselling services

	EPDS or other Screening tool for mental health 
Screening tool for domestic violence/intimate partner violence 
Referral pathway for counselling

	1. Estimation of BMI
	Assess maternal height
Assess maternal weight
	Height measure
Weighing scale (adult)

	1. Prevention of post- and pre- term birth 
	Estimate gestational age 
	Pregnancy wheel. 
Ultra sound scan at secondary level 

	1.  Assessment of foetal wellbeing during pregnancy
	Assess growth using fundal height measurement 
	Tape measure with centimetres

	
	Assess Foetal Heart Rate (FHR)
	Pinard stethoscope or Doptone

	1. Screening for multiple pregnancy, abnormal lie and presentation during pregnancy
	Obstetric palpation
	Ultrasound scan at secondary level

	1.  Screening and management of gestational diabetes[footnoteRef:5] [5:  Optional possibly not universal and screening may be only for women considered at-risk, check with national guidelines] 

	Measure blood glucose 
	Measurement of blood glucose – any machine – can be combined with Hb measurement for anaemia screening via HemoCue® machine 

	1.  Offer contraception/family planning
	Consultation 
	IUD, progesterone only pill, Depo Provera, condoms

	1. Health promotion including regarding substance misuse, breastfeeding of baby after birth, danger signs in pregnancy, and, birth- and emergency- preparedness
	Consultation 
	Consultation area including environment facilitating respectful personalised care, patient information leaflets.  




