
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Malaria and anaemia in pregnancy: importance, detection and prevention

Shulman, C.E.

Publication date
2001

Link to publication

Citation for published version (APA):
Shulman, C. E. (2001). Malaria and anaemia in pregnancy: importance, detection and
prevention. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/malaria-and-anaemia-in-pregnancy-importance-detection-and-prevention(5c552178-24d5-4b7e-ab08-283b93420f64).html


Malariaa is an important cause of 
anaemiaa in primigravidae: evidence 
fromm a district hospital in coastal Kenya 

C.E.. Shulman1'2, W.J. Graham1^, H. Jilo5, B. S. Lowe 2'4, L. New 2 , J. Obiero 2, 
R.W.. Snow H K. Marsh 2-4 

ii  London School of Hygiene and Tropical Medicine, Keppel Street, London, WOE 7HT 
22 Kenya Medical Research Institute (KEMRI), CRC Kilif i Unit, P.O.Box 230, Kilifi , 

Kenya a 
33 Dugald Baird Centre for Research on Women's Health, Department of Obstetrics and 

Gynaecology,, Aberdeen Maternity Hospital, Cornhill Road, Aberdeen, AB9 2ZD 
44 University of Oxford, Institute of Molecular Medicine, John Radcliffe Hospital, 

Headington,, Oxford, OX3 9DU 
55 Kilif i District Hospital, Kilifi , Kenya 

TransactionsTransactions of the Royal Society of Tropical Medicine igg6, go, S35'539 



144 CHAPTER 2 

ABSTRACT T 

AA study was undertaken in order to determine the prevalence and aetiology of anaemia in 
pregnancyy in coastal Kenya, so as to establish locally important causes and enable the 
developmentt of appropriate intervention strategies. 275 women attending the antenatal 
clinicc at Kilif i District Hospital, were recruited in November 1993. The prevalence of 
anaemiaa (haemoglobin [Hb] < ng/dl) was 75.6%, and the prevalence of severe anaemia 
(Hbb < 7g/dl) was 9.8% among all parities. 15.3% of 73 primigravidae were severely anae-
mic,, compared with 7.9% of 202 multigravidae (p=o.c>7). 

Inn primigravidae, malaria infection {P. falciparum) was strongly associated with mod-
eratee and severe anaemia (X2 test for trend p=o.oo3). Severe anaemia was more than 
twicee as common in women with peripheral parasitaemia as in those who were aparasi-
taemic,, and parasitaemia was associated with a 2.2g/dl decrease in mean haemoglobin 
levell  (p < 0.001). 

Inn multigravidae, iron deficiency and hookworm infection were the dominant risk 
factorss for anaemia. Folate deficiency and HIV infection were not strongly associated 
withh anaemia. It is suggested that an intervention that can effectively reduce malaria 
infectionn in primigravidae could have a major impact on the health of these women and 
theirr infants. 
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INTRODUCTION N 

Severee anaemia in pregnancy is defined by the World Health Organisation as a haemo-
globinn level of less than 7g/dl (WHO, 1989). It is a major preventable contributor to 
maternall  morbidity and mortality, being associated with a high risk of cardiac failure and 
shock,, and rendering women less able to withstand even moderate blood loss at delivery 
(Lawsonn 1967). Anaemia in pregnancy causes considerable incapacity to women from 
tiredness,, lassitude, breathlessness, and decreased ability to work (WHO, 1979). It is also 
associatedd with adverse perinatal outcomes (Brabin 1991). 

Thee aetiology of anaemia in pregnancy is multifactorial, with the prevalence and 
causess varying considerably in different areas of the world. Causes that have been 
reportedd in sub-Saharan Africa are malaria, iron deficiency (often exacerbated by hook-
wormm infestation), folate deficiency, haemoglobinopathies and HIV infection (Fleming 
1989).. Most large scale anaemia prevention programmes have concentrated on iron and 
folatee deficiency, without addressing other potentially important "non-nutritional" causes 
off  anaemia in pregnancy. What is still not well documented is the relative importance, 
fromm a public health point view, of malaria as a cause of maternal anaemia. We aimed to 
lookk at this by assessing the local prevalence and causes of anaemia and severe anaemia 
onn the Kenyan Coast, with a view to determining priorities for preventative strategies. 

MATERIALSS AND METHODS 

Thee study was based at Kilif i District Hospital (KDH), 50km north of Mombassa, on the 
Kenyaa Coast. This area of Kenya has perennial transmission of Plasmodium falciparum 
withh two seasonal peaks in prevalence of the principal vectors, Anopheles gambiae and A. 
funestus,funestus, in June-August and during January, coinciding with the 2 rainy seasons. On 
average,, individuals can expect to receive 10 infective bites per person per annum (Mbogo 
etet ah, 1995). The time in which the study was conducted was a period of low malaria 
transmission,, at the end of thee dry season. The study area and its malaria epidemiology 
havee been described elsewhere (Snow et al.., 1993). 

Kilif ii  District Hospital has a busy antenatal clinic with on average of 900 women 
fromm a predominantly rural population attending every month. Women attending the 
antenatall  clinic were recruited over a four week period in November 1993. All women 
whoo participated in the study gave full informed consent. 15 women were recruited each 
day,, which included all first attenders, with the remainder being a random selection of re-
attenders.. Obstetric and a menstrual histories were taken, women were examined to 
establishh gestational age, and a sample of venous blood was collected. A full blood cell 
countt was performed on a model M530 Coulter Counter. Thick and thin blood films were 
preparedd for the detection of malaria parasites, using standard Giemsa staining, counting 
parasitess per 200 white cells, and calculating counts per microlitre from the white blood 
celll  count; 100 high-power microscope fields were examined to confirm that a film was 
negative.. Blood was tested for HIV antibody status using the membrane based assay 
'HIVCHEK',, (Ortho Diagnostic Systems, France). The testing was anonymous, with the 
sampless being analysed only after all identifying features had been removed, making 
linkagee of the results to individual women impossible. Additional investigations were 
performedd on a random selection of women: 187 women were tested for red cell folate 
measuredd by radio-immuno assay, and 217 for serum ferritin, using Melisa enzyme-
linkedd immunosorbent assay (Cambridge Life Sciences pic). Stool samples were 
requestedd from all of the study women, and 251 (91%) returned a stool specimen. Stool 
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microscopyy was performed using the McMaster technique with egg counts estimated per 
gramme. . 

Statisticall  analysis was carried out using the SPSS computer programme. For contin-
uouss variables, means of the different groups were compared using regression methods. 
Chi-squaredd tests were used to investigate the association between groups of discrete var-
iables. . 

RESULTS S 

CharacteristicsCharacteristics of the study population 
Twoo hundred and seventy-five antenatal clinic attenders were recruited into the study, 2 
womenn refused. Of those recruited, 73 (26.5%) were primigravidae, 155 (56.4%) were gra-
vidityy 2-5 and 47 (17.1%) were in their 6th or more pregnancy. Women of all gestational 
agess were recruited, ranging from 12 weeks to term, the mean and median gestational 
agee both being 26 weeks. Primigravidae and multigravidae had similar gestational ages at 
recruitment.. The majority of women (82.2%) attended clinic for a routine check, 16.7% 
becausee they were sick and only 1% were referred from peripheral health units. Analysis 
didd not show any association between the reason for attendance and either haemoglobin 
levell  or malaria parasitaemia. 

Figuree 1 Percentagee of women with severe anaemia (haemoglobin < 7g/dL) by gravidity. 

HaemoglobinHaemoglobin levels 
Twoo hundred and eight women (75.6%) were anaemic (Hb < n g/dl) and 27 (9.8%) were 
severelyy anaemic (Hb < 7g/dl). Primigravidae had a somewhat higher prevalence of 
severee anaemia than multigravidae, 15.1% (n/73) compared to 7.9% (16/202) (p=o.07). 
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Thee approximately U-shaped distribution of severe anaemia in different parity groups 
(Fig.. 1), showed that primigravidae and women in their 6th or more pregnancy had a 
higherr prevalence of severe anaemia. 

Malaria Malaria 
Sixty-fivee women (23.6%) had P. falciparum in their peripheral blood. Primigravidae had 
higherr rates of parasitaemia (33%) than multigravidae {20%) (p=o.04). When parasitae-
miaa was present, primigravidae tended to have much higher densities of parasites than 
multigravidae,, the geometric mean being 1749 parasites/!̂ in parasitaemic primigravi-
daee compared to 371 parasites/ul in parasitaemic multigravidae (p < 0.001). 

Reportedd fever during the pregnancy was common, with 139 (51%) women giving a 
historyy of fever at some time during the pregnancy, of whom 52 (37%) reported having 
hadd fever many times. Reported fever was not associated with the presence of either anae-
miaa or malaria parasitaemia. 

MalariaMalaria and Anaemia 
Inn primigravidae, P. falciparum infection was strongly associated with anaemia (Table 1, 
X22 test for trend p=o.oo3) and the mean haemoglobin was 2.23g/dl lower in women with 
parasitaemiaa than in those without (95% CI 1.21- 3.25, p<o.ooi). Severe anaemia was 
moree than twice as common in primigravidae with peripheral parasitaemia than in those 
without,without, though the difference did not reach statistical significance (rate ratio 2.45, 95% 
CII  0.83-7.23). In multigravidae parasitaemia was not significantly associated with anae-
miaa (Table 1; X2 test for trend p=o.62) or severe anaemia (rate ratio 0.91, 95% CI 0.27-
3.03),, and it was associated with a mean haemoglobin level only o.29g/dl lower than that 
inn those without parasitaemia (95% CI 0.31-0.89, p=o.34). 

Tablee 1 Materna l haemoglobi n in relatio n to the presenc e of periphera l P.falciparu m parasitaemi a 

Haemoglobi nn level (g/dl ) 

Gravidaa 1 

Parasitaemic c 

Nott parasitaemic 

Gravidaa > l 

Parasitaemic c 

Nott parasitaemic 

No.. o f subject s 

24 4 

49 9 

41 1 

161 1 

>11 1 

11 (4%) 

18(37%) ) 

88 (20%) 

400 (25%) 

7-10.9 9 

17(71%) ) 

266 (53%) 

300 (73%) 

1088 (67%) 

<7 7 

66 (25%) 

55 (10%) 

33 (7%) 

133 (8%) 

IronIron deficiency 
Onee hundred and sixty three of 217 sera tested had ferritin levels below i2ng/ml, with 
onlyy 39 (18%) being in the normal range (12 - 3ong/ml) and 15 (6.9%) being above 3ong/ 
ml.. Serum ferritin levels were significantly higher in women with P.falciparum infection, 
irrespectivee of parity (p < 0.001): of 168 women with no parasitaemia, mean serum ferri-
tinn level was 7.03 ng/mL (95% CI 5.78-8.28), compared to the mean level in 53 women 
withh parasitaemia, 26.42 (95% CI 17.78-35.06). Women with parasitaemia accounted for 
80%% of the high serum ferritin levels. Figure 2 shows the distribution of ferritin accord-
ingg to haemoglobin level in women with and without parasitaemia. In women with no 
parasitaemia,, low serum ferritin was associated with a mean haemoglobin level of 9-38g/ 
dl,, compared to n.o2g/dl in women with a normal ferritin values and 9-75g/dl in those 
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withh a high ferritin levels (p < o.ooi). In women with malaria parasitaemia, mean hae-
moglobinn levels in those with high, normal and low serum ferritins values were 8.64g/dl, 
9.28g/dll  and 8.64g/dl respectively (p=o.52). 

Hookworm Hookworm 
Off  the 251 women examined 188 (74.9%) had hookworm eggs in their stool. There was a 
largee range in hookworm egg counts (40 - 7000 eggs/g of faeces), with 30% of women 
withh eggs in their stool (22% of women overall) having > 1,000 eggs/g. The egg counts, 
haemoglobinn levels and gravidity are shown in Table 2. Women with higher hookworm 
eggg counts were significantly more anaemic, with egg counts tending to be higher in 
multigravidae.. When all gravidities were analyzed together, an egg count > 1000 eggs/g 
wass associated with a mean haemoglobin that was o/79g/dl lower than that in those with 
ann egg count of < 1000 eggs/g (p=o.oo4). In multigravidae the difference was o.82g/dl, 
andd in primigravidae o.75g/dl. 

Tablee 2 Median hookwor m eggs count s in relatio n to haemoglobi n and gravidit y 

Haemoglobi nn level (g/dL ) 

Primigravidae e 
Multigravidae e 

>11 1 

150(n=17) ) 

2000 (n=46) 

7-10.9 9 

200200 (n=38) 
3355 (n=126) 

< 7 7 

2000 (n=11) 
7000 (n=l3) 

P* * 

0.48 8 
0.01 1 

** Krushkal-Wallis test 

FolateFolate deficiency 
Eightt of the 184 women tested (4.3%) had red-blood cell folate (RBCF) levels below the 
normall  lower limit (no ng/ml). Red-blood cell folate levels were negatively correlated 
withh haemoglobin level (p=o.02; Table 3). This negative correlation was found in both 
parasitaemicc and non parasitaemic primigravidae and multigravidae. Parasitaemic 
womenn had a higher mean red cell folate level (294 ng/ml) than those without parasitae-
maii  (26ong/ml) though this difference was not statistically significant (p = 0.27). 

Tablee 3 Mean red cell folat e level s (ng/ml ) in relatio n to haemoglobi n and malari a parasitaemi a 

Haemoglobi nn level (g/dL ) 

Women n 
All l 
Parasitaemic c 
Nott parasitaemic 

>n n 

240 0 
273 3 
234 234 

7-10.9 9 

264 264 

293 3 
256 6 

< 7 7 

359 9 
340 0 
365 5 

P P 

0.02 2 
0.884 4 
0.013 3 

HIVHIV infection 
Nineteenn of the 274 women tested (6.9%) were HIV positive and 3 (15.8%) of them had 
severee anaemia compared with 9.4% (24/255) of women with no HIV infection (p = 
0.41).. 6 of the women who were HIV positive (31.6%) had malaria parasitaemia com-
paredd with 66 (25.5%) of those who were HIV negative (p = 0.56). 
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Associationn between severum ferritin and haemoglobin in women with (A) and without (B) peripheral 
P.falciparumP.falciparum parasitaemia. 

DISCUSSION N 

Thiss study confirmed that anaemia is a major problem among pregnant women in the 
Coastt of Kenya, primigravidae and grand-multigravidae having the highest prevalence of 
severee anaemia. 

Thee causes of anaemia are multifactorial. Malaria was the main cause of anaemia and 
severee anaemia among primigravidae, being associated with a reduction of haemoglobin 
off  more than 2g/dl. 

Inn areas where malaria is endemic, infection with P.falciparum in pregnancy is great-
estt in primigravidae with the prevalence and intensity of parasitaemia decreasing with 
increasingg gravidity (McGregor & Smith, 1952; McGregor, 1984; Steketee & Breman, 
1988;; Greenwood et ah, 1989). The reasons why primigravidae have a greater predisposi-
tionn to P.falciparum infection remains uncertain. The importance of malaria as a cause of 
anaemiaa in pregnancy in this Kenyan population is supported by the tendency of primi-
gravidaee to have more severe anaemia than any other gravidity group. This has been 
foundd in other malarious areas (Van Dongen and Van't Hof, 1983; Brabin et ah, 1990; 
Jacksonn et ah, 1991). By contrast, in non-malarious areas, anaemia usually increases as 
gravidityy increases, with primigravidae being the least anaemic group. This is presuma-
blyy because iron deficiency tends to increase as gravidity increases (Isah et ah, 1985). 

Severall  studies have shown that, in areas where malaria is endemic, effective antima-
lariall  chemoprophylaxis started before 24 weeks of gestation, prevents the development 
off  severe anaemia in primigravidae (Gilles et ah, 1969; Kortmann 1972; Fleming & Gha-
touraa 1986; Mutabingwa et ah, 1993). The antimalarial drugs shown to be effective in 
thesee studies were chloroquine and pyrimethamine (Gilles et ah, 1969), chloroquine 
alonee (Kortmann 1972), chloroquine and proguanil (Fleming et ah, 1986) and proguanil 
withh and whithout chloroquine (Mutabingwa et ah, 1993). In a large community-based 
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studyy in The Gambia, comparing antenatal administration of maloprim or placebo every 
twoo weeks, an overall improvement of haemoglobin level was observed in the chemo-
prophylaxiss group among primigravidae but not multigravidae (Greenwood et al, 1989). 
Wheree the prevalence of malaria parasitaemia is lower, chemoprophylaxis has not effect 
onn maternal haemoglobin level (Hamilton et al, 1972, Jackson and Lathan 1982). A 
recentt review of randomised controlled trials of chemoprophylaxis of malaria in preg-
nancyy has been published by Garner and Brabin in (1994). 

Despitee evidence for its important role in the prevention of severe anaemia in primi-
gravidae,, most countries currently lack policies for the delivery of effective antimalarial 
drugss to pregnant women. This is mainly due to the difficulty in identifying drugs which 
fulfi ll  the requirements of being safe for the mother and fetus, effective as an antimalarial 
compound,, acceptable to the women and affordable. With increasing chloroquine resist-
ancee in many parts of the world, compounded by frequently poor compliance due to its 
bitterr taste, chloroquine prophylaxis is often no longer effective. In Malawi, compliance 
withh a weekly chloroquine regime was only 36%, and its efficacy 8% (Heyman et al, 
1990).. Daily proguanil may be an effective alternative which was shown to have good 
compliancee in the studies discussed above, but it remains expensive for routine distribu-
tion.. Many of the newer antimalarial drugs (such as mefloquine) are prohibitively expen-
sivee for routine use in developing countries, or remain untested in pregnancy (such as 
halofantrine).. On presently available evidence, fortnightly maloprim seems to offer the 
mostt feasible and effective means of preventing malarial anaemia. However, in Malawi a 
twoo doses' regimen of sulphadoxine-pyrimethamine, one dose given in the second tri-
mesterr and one in the third, was found to be effective at reducing placental parasitaemia 
(Schultzz 1994). Further studies to examine the impact of sulphadoxine-pyrimethamine 
onn malaria are required, and two such studies are being carried out in Kenya, one in Kis-
umuu (in an area of high transmission) and one in Kilif i (by the authors of this paper), 
withh the main outcome measure being the effectiveness of the regime in preventing 
severee maternal anaemia in primigravidae. 

Otherr important preventable causes of anaemia in pregnancy in this population are 
ironn deficiency and hookworm infestation. More than 75% of women tested were iron 
depletedd (ferritin < i2ng/ml). Serum ferritin is both an indirect measure of iron stores 
andd an acute phase reactant We found that both low and high serum ferritin were associ-
atedd with a lower mean haemoglobin level. Malaria parasitaemia was strongly positively 
associatedd with serum ferritin, and 80% of women with high serum ferritin values had 
malariaa parasitaemia, so malaria is likely to confound the association between serum fer-
ritinritin  and haemoglobin. Interpretation of these results is therefore difficult, and serum 
ferritinn levels probably underestimate the prevalence of iron deficiency. Additionally, it is 
possiblee that iron replete individuals are more prone to malaria infection, for which there 
iss some evidence in young children (Smith et al, 1989; Oppenheimer et al, 1986). In 
aparasitaemicc women, low serum ferritin levels were associated with haemoglobin levels 
onn average i.64g/dl lower then those in subjects with normal serum ferritin values. The 
majorityy of women (89%) with low serum ferritin were not severely anaemic, though it is 
possiblee that many may have become more anaemic as their pregnancies progressed. 

Hookwormm infection was highly prevalent in this community, with 75% of women 
havingg hookworm eggs in their stools. Over 22% of women had an egg count of 1000 
eggs/gg or more, and this was associated with a mean haemoglobin level of o.79g/dl lower 
thann in those with egg counts of less than 1000 eggs/g. Interestingly, multigravidae had 
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higherr egg counts than primigravidae, presumably due to increased exposure with 
increasingg age, and an increasing number of infected children in the compound. In preg-
nantt women, many of whom are already iron deficient, hookworm infection is probably a 
significantt contributor to anaemia. 

Malariaa infection has been shown to be an important risk factor for folate deficiency, 
ass haemolysis stimulates erthroid hyperplasia and so increases the requirement for folate 
(Flemingg 1989). However, only 4.3% of women in this study had folate deficiency. This 
loww level of folate deficiency may be explained by a diet that is rich in folic acid, with dark 
greenn leafy vegetables being eaten regularly by most women. Alternatively it may also be 
thatt red cell folate levels in such a population do not give a true picture of folate status. 
Wee observed an association between high red cell folate levels and parasitaemia and this 
hass been found previously (Fleming et al., 1984,1986; Bradley-Moore et al, 1985). It has 
beenn suggested that malaria parasites may synthesize folate (Bradley-Moore et al., 1985). 
Wedd also observed an association between anaemia and high red cell folate in both parasi-
taemicc and aparasitaemic women of all gravidities. It is likely that in this severely iron 
deficientt population, this association was due to iron deficiency increasing red cell folate 
level,, as has been reported by Omer et al., (1970) and Saraya et al., (1973). 

HIVV infection was detected in 6.9% of the population tested. The proportion of 
womenn with malaria or severe anaemia was higher in the group of women who were HIV 
positive,, although the association did not reach statistical significance. In Malawi, HIV 
infectionn has been shown to be associated with malaria parasitaemia (Wirima et al., 
1993),, and HIV infection has frequently been shown to be associated with anaemia (Dou-
kas,, 1992). 

CONCLUSION N 

Thiss population has high prevalences of anaemia and severe anaemia in pregnancy. Iron 
deficiencyy and hookworm were the main factors associated with anaemia in multigravi-
dae,, whereas in primigravidae malaria parasitaemia was the most important risk factor 
identified.. The prevention of severe anaemia could have a major impact on the health of 
pregnantt women and could contribute to a reduction in maternal mortality. There is an 
urgentt need for studies to identify effective means of preventing the severe anaemia sec-
ondaryy to malaria infection in pregnancy. 
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