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I.  Summaries of presentations

Rationale for considering anemia as a malaria indicator (BN)

In May 2003, the RBM Monitoring and Evaluation Reference Group (MERG) recommended that anemia be explored as a possible additional indicator of the burden of malaria and impact of Roll Back Malaria activities. Given important limitations in existing impact indicators and/or in options for measuring these indicators (all-cause under-five mortality, malaria-attributed mortality, parasite prevalence, notified cases), additional impact indicators such as anemia should be evaluated. Reasons to consider anemia are that: 

· Anemia is associated with malaria

· Anemia is measurable and quantifiable

· Anemia has a morbidity burden

· Severe (malarial) anemia is, for young children and pregnant women, on the pathway to mortality, the overall RBM target.

As a follow-up to the MERG request, WHO agreed to take the lead role in these discussions through setting up an Anemia Task Force, which includes a core group of experts in malaria and/or nutrition who have experience in this area. The objectives of the first Anemia Task Force meeting were:

1. To review the evidence on whether anemia (focus on childhood anemia
) could be an indicator of malaria burden and of RBM impact in Africa, and to discuss what further evidence may be needed.

2. To assess how the measurement of anemia for monitoring malaria burden and RBM impact could be operationalized.

WHO anemia database and estimations of global anemia burden (TW)

WHO’s Department of Nutrition for Health and Development (NHD) maintains a database on the prevalence of anemia and iron deficiency, which covers national surveys (DHS
 or received via WHO country representatives/ministries of health), smaller-scale surveys and studies identified from the scientific literature. 

These data are used to estimate the global burden of anemia, defined as hemoglobin below 11 or 13 g/dl according to the population group concerned (children under-5, men, children 5-14 years, women, pregnant women). The current estimates are based on 1990-1995 data, although the database contains data back to the 1960s. The database includes reported prevalences of hemoglobin below the defined cut-offs and measured by HemoCue or Cyanmeth-hemoglobin measurement as well as mean hemoglobins, packed cell volumes (PCV) and prevalences of PCV below certain cut-offs. The database documents the surveys’ sampling frame (household-based, clinic-based or school-based), and include variables on altitude and smoking. Apart from data on iron status, no information on specific causes of anemia (such as malaria or helminth infections) is included. The database presently includes 23 national surveys from the African WHO region.

An updated estimate of the global, regional and national burdens of anemia will be available in 2004. The methods used to weigh across small surveys (small and large, national and subnational…) and to extrapolate from data on under-fives and pregnant women to non-surveyed other population groups (if applicable) will be documented. The mid-2004 estimates will be published and the database output made available on the web. 

Overview of (ecological) associations between malaria and anemia (JS)

There is a need to estimate the burden of malaria-related anemia, for advocacy purposes and as the background for the possible adoption of anemia as a malaria indicator. Existing approaches – in order of increasing ability to provide convincing evidence - are: 

1. Ecological analysis of the association between parasite prevalence and anemia prevalence across studies – such analyses may suggest a high attributable fraction, but these are likely to suffer from considerable confounding.

2. Review of observational studies on the fraction of anemia attributable to malaria parasite infection, based on reported risks of anemia in the presence and absence of parasites at individual level. Many datasets are available to do such analyses.

3. Impact of malaria control on anemia (see below).

A starting point for approach (2) may be the database on malaria morbidity in African children less than five years of age developed under CHERG
, which contains some 80 studies on anemia. This database could be supplemented with studies on anemia that did not report on malaria morbidity but that documented parasite infection in the study subjects. Statistical adjustments should ideally include age and season of measurement. Residual confounding is likely (although less than with approach (1)) It should also be noted that this approach can only account for anemia due to current parasitaemia, but not that due to previous parasitemia. 

Relationship between childhood anemia and malaria in Uganda and the potential impact of interventions (AK)

A study in Kabarole, Uganda, and data from the 2000/01 Uganda DHS, provide insight into the association of anemia with parasitemia under varying intensities of malaria control, and on possible ‘proxy’ indicators of malaria transmission intensity in DHS. In Kabarole at baseline, the prevalence of moderate and severe (but not mild) anemia in children aged 6-59 months was higher in holo-endemic villages compared to meso-endemic villages. Antimalarial treatment by community-health workers of all fever episodes resulted in marked increases in mean PCV in children in both areas over the first 12 months of intervention. Additional insecticide-treated walls, windows and door curtains reduced PCV slightly further.

In Kabarole, parasite prevalence decreased at higher altitudes. In contrast, the incidence of observed child fevers did not vary by altitude, although self-reported fever decreased with increasing altitude. In the DHS, low altitude was, among several factors including indicators of growth and nutrition, the strongest predictor of high anemia prevalence, in children aged 6-23m or 24-59m. These findings suggest that anemia is related to malaria and that altitude might be used as a proxy for malaria transmission in national surveys – if these lack a more robust marker of exposure such as parasite prevalence.

Malaria and anemia in South-east Asia (FtK)

In ethnic community commune in South-Vietnam, a 6 year program of ITNs combined with early diagnosis and treatment with artemisinin treatment provided free of charge markedly reduced the prevalence of falciparum and vivax parasitemia (in children and adults) and splenomegaly (Hung-LQ et al., Bull.WHO 2002, 80(8): 660-6). Despite the successful control of malaria in this area, annual cross-sectional surveys of the population did not show an increase in haemoglobin levels in this community  This suggests that in populations of low seasonal malaria transmission the attributable fraction of anemia due to malaria may be too low to reflect changes in malaria transmission and that anemia will not be a good indicator for malaria control in these areas.

By contrast, another study from the Thai-Burmese border (entomological inoculation rate, EIR, of 0.5 per year) suggested that anemia may be a useful surveillance tool to monitor the impact of antimalarial drug-resistance on a population when assessed in a sentinel groups of patients with malaria. Longitudinal monitoring of mefloquine resistance indicated a strong correlation between development of mefloquine resistance between 1985 and 1993 and anemia in patients with malaria attending out-patient clinics. The proportion of patients with acute malaria that was anemic (prior to enrolment in antimalarila treatment studies) increased proportionally with mefloquine resistance over time (ter Kuile et al, Phd Thesis, 1994), possibly reflecting the increased proportion of patients with a recent history of (unsuccessful) (pre-)treatment with mefloquine, and the increased malaria transmission due to increased gametocytemia in unsuccefully treated patients (Price et al., AJTMH 2001, 65(5):614-22).

Based on these clinical data, anemia in malaria outpatients (seen in sentinel health facilities) might be considered as an indicator of the patient’s recent history with (untreated or drug-resistant) malaria, and of the burden of malaria at a population level.

Malaria and anemia in the western Kenya ITN trial (FtK)

An ITN trial in western Kenya, an area of very high perennial transmission, corroborated several findings of other intervention studies in malaria-endemic Africa (see also presentations AK above and EK below): 

· Malaria control reduces childhood anemia, with the largest effect on the more severe forms (Hb<7g/dl). 

· The impact on anemia is more pronounced than that on parasitemia or clinical malaria (fever + parasitemia) .

· The impact is observed within 12 months of the onset of intervention and stable thereafter.

Review on child anemia in African malaria intervention trials and DHS anemia outcomes + implications for survey design (EK)

29 studies of malaria interventions (ITN, indoor-residual spraying or chemoprophylaxis) in malaria-endemic Africa reported an impact on anemia in under-fives. Studies could be compared and pooled after standardizing their different outcome measures - mean hemoglobin (Hb), mean PCV or the prevalence of hemoglobin or PCV below a certain cut-off – by: (i) converting PCV into Hb assuming a fixed 3-fold difference, and (ii) assuming hemoglobin to be normally distributed, which allowed the conversion of mean levels to anemia prevalences and vice versa. The mean increase in Hb, an average 1.5 years after onset of intervention, was 0.76g/dl; this corresponded to reductions in Hb<11g/dl of 27% and Hb<8g/dl of 60%. The impact on anemia correlated positively with the impact on parasitemia, but in a multivariate analysis this did not depend on the baseline parasite prevalence (a proxy of endemicity), the baseline Hb level or the type or duration of intervention. Some, but not all, of the individual trials suggested that impact was larger under age 2 or 3 compared to those 4 or 5 years of age.

Based on the Uganda 2000/01 DHS results, anemia reductions as in these trials would statistically be easily detectable in surveys of DHS-like design and size (6000 under-fives). Smaller impacts or the same impact in smaller samples would also be detectable, whether a mean Hb or the prevalence of Hb below 8g/dl or 11g/dl is used. In contrast, more severe anemia such as Hb<5g/dl runs the risk of being a less robust indicator, due to a low prevalence (causing larger random fluctuation) and skewedness
 in the Hb distributions found in recent DHS. 

This analysis supports the use of Hb<8g/dl or <11g/dl in young children as measured in surveys as an indicator of RBM progress. However, caution is warranted in timing of surveys to coincide with the local malaria transmission season.

Malaria-related anemia in pregnant women (FV)

Several studies from malaria-endemic Africa showed that (severe) anemia in pregnant women is associated with malaria and that intermittent preventive treatment (IPT) can reduce anemia, particularly severe anemia, during pregnancy. The highest prevalences of malaria infection and of malaria-related anemia occur among primigravidae. 

Since, even in primigravidae, not all anemia is related to malaria, the ratio or rate difference in anemia between primigravidae and multigravidae might be a better indicator than the mere prevalence of anemia. This approach assumes that other causes of anemia are more equally distributed over women of different parities. Analogously, for low birth weight the ratio in its prevalence between primigravidae and multigravidae has been shown to be a good indicator of the burden of malaria in pregnancy and, consequently, of the impact of malaria in pregnancy intervention programmes.

For anemia, the ratio/rate difference approach is being tested at Liverpool STM. Across 23 studies from malarious areas and 6 from non-malarious studies, the preliminary result is that excess anemia risk in primigravidae is limited to malarious areas (supporting the validity of this approach) and slightly more pronounced for the more severe anemias (in line with malaria intervention results). 

Monitoring anemia through DHS & MICS household surveys (FA)

27 DHS2 conducted between 1996 and 2003, of which 13 in sub-Saharan Africa, have measured or are currently measuring hemoglobin in children under-5 and women aged 15-49 years; the resulting data are publicly available (in written reports and on the DHS website) for 5 African countries. Testing occurs by HemoCue measurement on finger-prick blood (or the heel for infants), which has proven highly accurate and feasible in many settings, and compliance is high even in countries of high HIV prevalence. Not all ongoing DHS, however, include anemia testing, and it is difficult to predict how many future surveys will. Discussions are taking place at UNICEF about the possibility of adding hemoglobin testing to the MICS2 surveys, but no final decision has been made at this time.

The costs of anemia testing is about $50,000-70,000 per survey of 8,000 households, on top of a basic DHS cost of around $300,000. This includes the HemoCue machine, supplies for each test, fieldwork staff and technical training and assistance. Training and supervision are crucial to ensure correct measurement (e.g. avoidance of milking the finger). Test results are, where indicated, adjusted for altitude and smoking, which both increase hemoglobin level.

II.  Summary of discussions

There is ample evidence that malaria control can, in stable endemic Africa sites, reduce the burden of anemia among under-fives and pregnant women. Anemia in these target groups is associated with considerable morbidity (including, in children, adverse effects on cognitive development and, in women, work productivity and pregnancy outcome). Literature reviews also suggest that anemia predisposes to mortality, although the evidence for this link is at present conclusive only for the most severe categories of anemia.

Based on malaria intervention studies and recent DHS surveys that measured hemoglobin, anemia among under-fives will respond more rapidly to malaria control than does all-cause mortality (which in surveys is measured retrospectively through birth histories). Anemia would also require a smaller sample size and/or give more precise results.

This evidence forms the basis for pursuing the use of anemia as an additional RBM burden and impact indicator. Below are summarized the discussions on how to best operationalize the monitoring of anemia, and some issues that remain to be addressed. 

IIA.  Survey-based measurements of anemia

WHO?: In first instance, children between 6-59 months of age, sampled through household surveys. 

The recommended lower age limit of 6 months is based on several factors: 

1. Hemoglobin levels change rapidly over the first 6 months of life, a physiological process which make definitions of anemia in this age group problematic.

2. Although it was recognized that successful malaria control will potentially have a marked impact on Hb levels in infants 3-5m, particularly in areas with intense transmission, this might be reflected in Hb levels in (surviving) infants at the age of six months. A lower limit of 6 months is consistent with the lower age cutoff for monitoring malaria-specific mortality (see minutes of the MERG Mortality Task Force).

3. We expect that from the age of 6 months onwards, anemia in infants reflects malaria control efforts that is directed at infants and children (ITN and prompt effective antimalarial treatment). Anemia in younger infants may, in contrast, relate more to the general conditions of pregnancy and birth (which relate only in part to malaria control, i.e. malaria control during pregnancy). 

For the highest endemic sites where malaria burden and the impact of malaria control are largely concentrated in infancy and early childhood, analysis of survey data may be restricted to a younger age group, e.g. 6-24 months. 

WHERE?: In areas of stable malaria transmission, or countries of which parts have stable transmission (proposed working definition: EIR of >1 every year). This will include most of sub-Saharan Africa (apart from epidemic, fringe zones and highland areas, as indicated for example on MARA transmission maps), and some areas outside of Africa, like in PNG, Vanuatu, parts of Thailand, Burma and Orissa and Assam in India.

WHAT?: Surveys should measure hemoglobin levels (and record this to the 0.1g/dl precision level) using HemoCue on capillary blood sampled while the child is sitting. 

Supplementary information must include age in months and where feasible altitude through geopositioning (GPS), general socio-demographic and socio-economic variables. Where possible, the collection of malaria-specific data such as the coverage with key RBM interventions is recommended using the questionnaire of the malaria stand-alone module developed by Macro/DHS. If surveys are conducted during or shortly after the malaria transmission season, measurement of parasitemia (e.g., using a rapid diagnostic test) is desirable as well. The combined information on anemia and parasitemia may serve to further validate the relationship between both measures. 

WHEN?: During the rainy season or within the 6 weeks thereafter, i.e. at peak malaria transmission, when the proportion of anemia attributable to malaria is greatest. For areas of intense perennial transmission, the timing of the survey relative to the malaria season may be less important. In all sites, subsequent surveys in the same site should be conducted at (roughly) the same time of the year, to reduce the likelihood of observing spurious trends in anemia prevalence that merely reflect seasonal fluctuation
. 

HOW OFTEN?: Every 1 to 5 years. In order to provide information relevant for monitoring progress, surveys must be repeated at a minimum every 5 years (as in current DHS and MICS). Data from intervention trials suggest that anemia will respond to malaria intervention within 1 to 2 years; therefore more frequent surveys are desirable. Considering also logistics and efficiency, a 2-year interval may be optimal. 

ANEMIA DEFINITIONS: The prevalence of hemoglobin below 8g/dl. Intervention trials have shown that malaria control reduces the prevalence of moderate-to-severe anemia (e.g. below 8g/dl) more so than it reduces the prevalence of milder anemia (e.g. below 11g/dl). On the other hand, cut-offs below 7 or 8 g/dl would make the indicator less robust, because overall prevalences would become very low and subject to error (as suggested by skewedness4  in otherwise ‘Normally distributed’ hemoglobin distributions found in recent DHS on African children). 

Survey reports should tabulate both the prevalence of Hb<8g/dl and the mean hemoglobin level, preferentially with its standard deviation so that the user can derive anemia prevalences with alternative cut-offs by applying a Normal approximation. 

II B.  Routine surveillance for anemia

Routine clinical surveillance for anemia might be desired to obtain data more continuously than through surveys, and in regions where no anemia surveys are conducted. At present, there is no empirical evidence to recommend routine anemia surveillance. However, exploration of the options for clinical hemoglobin screening is desired. These options include: 

· Malaria patients visiting outpatient clinics, where anemia might reflect the patient’s recent history of (untreated or ineffectively treated) malaria.

· Infants attending EPI clinics, for example at measles immunization visits (at age of 9 months in many countries, or between 6 and 15 months).

Surveillance could be focused in sentinel sites, which might be selected (from existing sites) based on their location either in clusters sampled in surveys, or in demographic surveillance sites (DSS)
. Either location would allow the linkage of trends in clinical anemia to trends in intervention coverage. Piloting could be done first in (selected districts in) the 14 RBM focus countries in Africa. Preferably, this could be coupled to a (series of) large-scale hemoglobin surveys, so that anemia levels and trends could be compared between the sentinel clinics and households in the neighborhood or nationally.

Possible problems include: 

· Low and selective coverage of measles immunization (e.g. 40-63% in Kenya). For example, immunization coverage is lowest in the poorest population groups and children sick with malaria may fail to attend. Screening in EPI clinics would need to be limited to sites with a specified minimum immunization coverage (e.g. >80%).

· Quality of hemoglobin measurement and data recording.

· Feasibility given existing burden on already weak health systems.

· Additional costs involved.

· Need to have access to effective clinical management and subsequent prevention for children diagnosed with anemia.

Another option might be to have a mobile hemoglobin measurement team with a HemoCue machine moving between sentinel clinics, rather than instituting routine screening. This would resemble the ongoing HIV surveillance in African sentinel ANC clinics each for 1 month per year. Parasitemia should ideally be measured alongside hemoglobin.

II C. Pregnant women

Intervention trials have provided evidence that malaria control reduces anemia in pregnant women. Survey-based monitoring of anemia in pregnant women therefore deserves exploration, analogous to the analyses for childhood anemia. However, survey sample size requirements, given realistic anemia reductions as might be expected based on the results of intervention trials, may be insurmountable: of all surveyed women between 15-49y, only 5-6% will be pregnant, of whom less than half are likely to admit to being pregnant, and this number may decrease with declining fertility.

With respect to options for clinical surveillance, monitoring at delivery rather than at ANC visits would have the advantage that malaria control during the full pregnancy is reflected in the outcome. The disadvantage is that in most malaria-endemic areas of Africa delivery in a clinic is limited to a small, more selected subgroup than is ANC attendance.

II D. Knowledge gaps & recommended research

Anemia prevalence ratios or differences instead of anemia prevalences

Data from Malawi, DHS Uganda and elsewhere suggest that ratios or differences in anemia prevalence (under-fives compared to adult men, or under-fives compared to their mothers) might be more robust indicators of trends in malaria-related anemia than are absolute anemia prevalences. 

The premise behind this is that, in areas of stable endemic transmission, the contribution of malaria to anemia is greater in pre-school children than in adults. Furthermore, iron deficiency is a particular problem in young children and women of child-bearing age, but not in adult men. The prevalence of anemia in adult males is therefore less likely to vary with seasonal fluctuations in food availability and malaria. The prevalence of anemia in mothers may predominantly reflect nutritional seasonality (seasonal changes in iron-deficiency anemia), whereas the prevalence of anemia in pre-school reflects both variations in nutritional factors and malaria  Thus by comparing the differential effect of interventions in the different target group we may make deductions about the contribution of nutritional factors and malaria. Comparing under-fives against their mothers might make the indicator particularly specific for malaria, since the nutritional status of mothers and their children, as well as other cofactors such as exposure to malaria, availability of healthcare, socioeconomic status and genetic factors are likely to be correlated. (Limitation to mother-child pairs might, on the other hand, introduce bias since not all children have their biological mother in the survey sample.)

These alternative indicator definitions deserve further testing, e.g. from the datasets of the Kabarole/Uganda intervention programme, the W. Kenya ITN trial, and by overlaying DHS data on anemia in under-fives and adult women (possibly adjusted for ITN usage) on malaria transmission maps. 

Associations between anemia and coverage of key interventions 

Associations between anemia risk and the coverage of key interventions at the level of individuals, from DHS surveys and programme datasets (e.g. Kabarole, Ifakara and W. Kenya ITN programmes) merit documentation, as another indication of the burden of malaria-related anemia.

Review and documentation of the burden of malaria-related anemia

Review and meta-analysis of population-attributable fraction of anemia due to malaria. Adjustments for confounders should preferably be standardized across studies and include at least age and season of measurement. The LSHTM/CHERG database on malaria morbidity in African under-fives provides a good starting point for this review and analysis.

 ‘Confounding’ alternative causes of anemia

Anemia will not be 100% specific to malaria, and the interpretation of trends in childhood anemia must take into account several additional causes, including perinatal HIV/AIDS, helminth infection (in particular hookworm) and nutritional deficiencies. These additional causes would cause confounding if they changed over the relevant time period (of the expected change in RBM intervention coverage). In order to account for such confounding, RBM might need to gather information about rapid changes in these factors (in relevant populations) over the relevant time period. As cause-specific approaches to account for confounding were mentioned: 

· HIV/AIDS: The trend may be estimated from HIV prevalence in ANC attenders, which gives an indication of infant HIV prevalence. Given the survival of HIV-positive infants, HIV-related paediatric anemia is probably more important below 24 months compared to older age.

· Helminth infections: these may be less of a problem in the youngest children, below 2 years of age. 

· Nutritional deficiencies (in particular iron): may be accounted for by using ratios of anemia prevalence child-to-adult on top of child anemia prevalences (see Research). Currently, however, few countries have effective iron-supplementation programmes in place.

Plan to study impact of ITNs on anemia in the field in W. Kenya (FtK)

Planned further analyses of this trial are to explore and compare alternative anemia indicators based on their comparative response to the intervention, over the trial and subsequent follow-up of upscaled implementation. Possible indicators include anemias of different severities and age groups, in pregnant and non-pregnant women, and the ratio of anemia prevalence in child-relative-to-women. 
III. Conclusions & recommendations

· Demonstrated reductions in anemia among children under-five in malaria intervention trials support the use of anemia in young children as an indicator of malaria burden and RBM impact in stable malaria-endemic settings. 

· Child anemia is best monitored through household-based surveys. This indicator may allow surveys to demonstrate a significant impact on malaria-related disease burden, in a more timely manner and with a smaller sample size compared to all-cause mortality.

· Anemia is to be measured in household surveys as haemoglobin level, using HemoCue measurement on fingerprick blood, in children aged 6-59 months.


· Surveys should ideally, but not necessarily, be conducted during or immediately after the rainy season, and in any case at a similar time of the year across subsequent surveys. For timely impact measurement, an interval of 2 years (range 1-5 years) is optimal.

· The key indicator to be reported on is the prevalence of haemoglobin <8g/dl; mean haemoglobins, standard deviations and the prevalence of Hb<11g/dl could be used for further analyses.


· There is a need for review and documentation of the burden of malaria-related anemia, for which the CHERG/LSHTM database provides a good starting point.

· Outstanding issues (to be explored) include:

· possible additional measurement options, such as (sentinel) clinical surveillance;

· anemia in pregnant women as a supplementary indicator of the burden of malaria in pregnancy;

· for the most endemic settings, limitation of analysis of child anemia data to the age group 6 to e.g. 24 (instead of 59) months;

· how to interpret trends in anemia in view of confounders such as malnutrition and nutritional supplementation programmes, perinatal HIV/AIDS and helminth infection;

· the use of anemia, in children and/or malaria patients of any age, as a malaria indicator in settings of unstable or low malaria endemicity.

· the value of 'child/adult anemia ratios' instead or on top of absolute anemia prevalences, as indicators of malaria burden. 

� Options for screening and intervening on anemia in pregnant women (in health facilities) are also being explored from another angle (RBM – Malaria in Pregnancy) and were not the main focus of this meeting.


� Demographic and Health Surveys (DHS) conducted by ORC Macro with support from USAID (http://www.measuredhs.com) and Multiple Indicator Cluster Surveys (MICS) conducted by UNICEF (http://www.childinfo.org/MICS2/) are nationally-representative household surveys that inquire about a wide range of demographic and health issues, including (all-cause) under-five mortality and malaria prevention and treatment. They are conducted at on average 5-year intervals in an increasing number of developing countries.


� The Child Health Epidemiology Reference Group, convened by WHO, aiming to estimate the contribution of malaria, diarrhoea, acute respiratory infections, HIV/AIDS, malnutrition and neonatal deaths, to under-five mortality and morbidity. CHERG consists of experts and research teams of various public health and academic institutions. Malaria morbidity estimations are underway since 2003 at the London School of Hygiene and Tropical Medicine. 


� A higher prevalence of very low (or very high) Hb as compared to what would be expected under a normal distribution. Apart from skewedness at both extremes (Hb below (5g/dl and above (15g/dl), Hb in African under-5 populations sampled in DHS appears to be normally distributed, as it is in African research populations. 


� It is of note, however, that the seasonal pattern in anemia may itself vary between years as well, since peak rain periods are not exactly in the same months every year. 


� The linkage of clinical sentinel sites in DSS areas is also proposed for monitoring of malaria-attributed mortality, see minutes MERG Mortality Task Force meeting, July 2003. 
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