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abstract

Background
There are few published reports on the obstetric management and outcome of women 
with malaria at delivery. The aim of this study was to identify whether women with 
malaria at delivery and their neonates have an increased risk of adverse outcomes 
compared to matched controls without malaria at delivery.

Methods
Maternal and neonatal outcomes of 199 women with positive peripheral blood smears 
at delivery (group 1) were compared with 3 other groups, all negative for malaria at 
delivery: 183 women with malaria in the last week before delivery (group 2); 193 women 
with malaria more than one month before delivery (group 3); and 199 women without 
any malaria during pregnancy (group 4).

Results
The main risk observed for mothers was severe anaemia requiring blood transfusion. The 
respective proportions and p-values in group 1, 2 and 3 were: 15/199 (7.5%), p=0.002; 
9/183 (4.9%), p=0.030; 3/193 (1.6%) p=0.680 compared to group 4: 2/199 (1.0%). 
Neonates in group 1 and 2 but not group 3 had a higher proportion of meconium 
stained liquor, 61/178 (34.3%), p=0.001; 61/176 (34.7%), p=0.001; 39/192 (20.3%), 
p=0.899 compared to group 4: 38/195 (19.5%). The risk ratios (95%CI) of adverse 
perinatal outcomes (premature birth, small for gestational age and stillbirth combined) 
were 3.1 (2.0 – 4.9), 2.5 (1.6 – 4.0) and 1.8 (1.1 – 2.9), for group 1 p< 0.001, 2 
p<0.001and 3 p= 0.023 compared to group 4.

Conclusions
This study suggests that malaria at (or close to) delivery increases the risk of adverse 
outcomes for both the mother and newborn. treatment guidelines and recommenda-
tions for obstetric management of these high-risk groups are provided.
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Background

Malaria in pregnancy has deleterious effects for the mother and infant1,2. Classically it 
causes a reduction in birth weight and an increase in maternal anaemia in high transmis-
sion areas. In addition, higher risk for severe malaria, maternal death, pregnancy loss 
from miscarriage or stillbirth and premature labour are reported in low transmission 
areas3,4,5,6. 
There are few published reports on the obstetric management and outcome of women 
with acute malaria at delivery. During the Ceylon malaria epidemic, Wickramasuriya 
(1935) described that “the strain of labour can not only activate latent malaria but also 
intensify the effects of an existing attack and that fatal collapse often followed delivery”7. 
Three reports describe severe fetal distress in women with Plasmodium (P.) falciparum8,9 
or P.vivax10 during labour, resulting in caesarean sections. Further obstetric information 
was not available. In a recent review, the median proportion of women infected with 
malaria at delivery was 8.1% (range 1.6 – 18.5, data of 12 studies)6. However, there are 
no evidence based recommendations for management of malaria during labour11. 
The primary aim of our study was to identify whether women with malaria at delivery 
and their neonates have an increased risk of adverse outcomes compared to matched 
controls who did not have malaria at delivery. We also propose recommendations for the 
management of malaria at birth. 

Methods

The women described in this study attended the Shoklo Malaria Research Unit (SMRU)
antenatal clinics (ANC) on the north western border of Thailand where malaria trans-
mission is low and seasonal for P.falciparum and P.vivax12. Due to P.falciparum multi-
drug resistance, there is no safe and effective preventive treatment. ANC provides weekly 
screening to detect and treat all parasitaemic episodes of malaria during pregnancy in 
order to prevent maternal death12. All episodes of malaria are treated according to WHO 
and SMRU guidelines13,14. Prevalence of HIV and syphilis is less than 1% in this popula-
tion15. Women routinely receive haematinics and are screened for anaemia (haematocrit 
(Hct) < 30%) every two weeks. Since 2001 ultrasound is used to estimate gestational 
age (GA)16. Before 2001 GA was estimated by a symphysis fundal height formula17 or 
the Dubowitz GA assessment18. 

Delivery care
The SMRU runs three clinics with delivery facilities. If caesarean section is needed, 
women are transferred to the nearest Thai public hospital. The cesarean section rate is 
low (in this study 3.2% (892/27,724; the denominator are all pregnant women who 
delivered, excluding the ones with unknown outcome), and the main indication for 
referral is obstructed labour. An episode of malaria during labour is not per se an indica-
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tion for referral. training in Advanced Life Support in Obstetrics (ALSO) adapted for 
the Thai Burmese Border, commenced in 2008 and has been conducted on a yearly basis 
for all midwifery and medical staff. 
Vital signs are assessed every four hours in low risk labours, and hourly in high risk 
women. Labour progress is routinely monitored on WHO Partographs19 since 1995, 
and intravenous oxytocin is used for augmentation of labour, when indicated. Midwives 
measure frequency, length and strength of contractions by manual palpation of the 
uterus. Fetal heart rate is monitored with a doptone every 30 minutes (high risk every 
15 minutes) during first stage, and every 5 minutes during the second stage of labour. In 
the case of quick labour, midwives may not be able to complete all aspects of the parto-
graph. Active management of the third stage, which includes intramuscular oxytocin 
(10 IU) given after the birth of the first shoulder, early cord clamping and controlled 
cord traction, is standard practice. In cases of maternal death or stillbirth autopsies are 
not available. 

Ethics Statement
This is a retrospective hospital record analysis. For the women seen in the ANC, the 
routine pregnancy records were anonymized and routinely entered into a database since 
1987. Permission was granted by Oxford tropical Research Ethics Committee (refer-
ence: OXtREC 28–09) to use these records for analysis.

Identification of women with malaria
On arrival to the labour ward, all women were screened for malaria and anemia if they 
had malaria during pregnancy or if they had fever or a recent history of fever. Women 
with a positive malaria smear were treated as soon as the result was available. After 
delivery, maternal smear was repeated, and smears were obtained from the placenta and 
baby. 
Blood smears (thin and thick films) were prepared using the Giemsa coloration and were 
read for 200 fields before being declared negative. Parasites were counted per 500 white 
blood cells or per 1000 red blood cells. Haematocrit blood samples (capillary tube by 
finger prick) were centrifuged at 1500 rev/min for 3 minutes and read using a standard 
Hawksley tM haematocrit reader. 

Inclusion criteria
Women with a singleton pregnancy, who delivered a neonate in cephalic presentation 
without major congenital abnormalities at a GA of more than 28 weeks were included 
in this study. Deliveries outside the SMRU clinic were excluded, as it was not possible 
to obtain detailed outcomes. Based on the weekly malaria smears during ANC and the 
smear at delivery, women were divided into four groups: 
Group 1: Women with a positive peripheral blood smear at delivery; 
Group 2: Women who had an episode of treated malaria in the week before delivery, but 
were smear negative at delivery; 
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Group 3: Women who had an episode of treated malaria more than one month before 
delivery and were smear negative at delivery; 
Group 4: Women who never had malaria detected by active screening during pregnancy 
or at delivery. This group serves as comparator.
Because of small numbers, all pregnancies that met the criteria for group 1 and 2 were 
included. As the numbers of women in group 3 and 4 were approximately 16 fold 
and 100 fold larger, frequency matching was used for year of delivery, age, gravidity 
and smoking to an equal number of women from group 1, blind to the obstetric and 
neonatal outcome.

Definitions
Fetal distress was defined as a fetal heartbeat measured above 160 or below 120 beats 
per minute (bpm). Fever was defined as a temperature (tympanic measurement) above 
or equal to 37.5°C. Postpartum haemorrhage (PPH) was defined as either weighed or 
estimated blood loss of more than 500 cc after delivery, and antepartum haemorrhage 
(APH) as any abnormal blood loss before delivery. Premature labour was defined as a 
delivery before 37+0 weeks+days and small for gestational age (SGA) as having a birth 
weight below the 10th percentile of the population. A composite of: stillborn, preterm 
birth and SGA at delivery, was created and called ‘adverse perinatal outcome’. Blood 
transfusions for severe anaemic women (Hct < 20%) given seven days before or after 
delivery were included for analysis. Severe malaria was defined according to the criteria 
of the WHO14. Placental malaria was defined as parasites microscopically detected in 
the smear, obtained from blood that pooled following incision of the maternal side of 
the placenta. Uncomplicated hyperparasitaemia was defined as equal or more than 4% 
infected red blood cells without any other sign of severe malaria14. 

Statistics
Data were analyzed using SPSS version 18 for Windows (Chicago, USA). Continuous 
normally distributed data were described using means (standard deviation) and compared 
with Student’s t-tests, and non-normally distributed were either log-transformed to 
normal distributed data or medians (range) were used with Mann Whitney U-tests 
for comparisons. The Bonferroni method was used to adjust for multiple comparisons 
in table 8.1 and table 8.2. In the other tables, group 1, 2 and 3 were individually 
compared to group 4. Risk ratios were calculated with group 4 as the reference group.

results

From the 9th May 1995 to 31st December 2010, there were16,091 deliveries that met 
the inclusion criteria that could be divided in 4 groups (Figure 8.1). The demographics 
of the 4 groups were comparable except for the number of visits, which in this popula-
tion is equivalent to the number of times a woman was screened for malaria (table 8.1). 
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Figure 8.1 Schematic flow diagram of the inclusion and exclusion process

Malaria during pregnancy
Details of malaria episodes are summarized in table 8.2. There was no significant differ-
ence in the proportion of women who delivered in the Thai hospital with or without 
malaria during pregnancy: 487/5859 (8.3%) vs 1950/24655 (7.9%), p= 0.307. 

Malaria at birth
P.vivax was the most prevalent infection in the maternal peripheral blood at birth: 
114/199 (57.3%) followed by P.falciparum: 82/199 (41.2%), mixed infection with 
P.vivax and P.falciparum in two women (1.0%), and mixed infection with P.vivax, 
P.falciparum and P.malariae in one woman (0.5%). For 127 (63.8%) of 199 women, the 
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malaria episode at delivery was a reappearance following one or more former episodes. 
There were two women with severe malaria who went into labour, of which one woman 
died just after an assisted vaginal forceps delivery of a stillborn infant. The other woman 
survived. Her newborn needed resuscitation but both mother and baby recovered and 
were discharged 5 days after delivery.

table 8.1 Demographics of the pregnant women in the 4 different groups

Malaria at 
delivery

Malaria the 
week before 

delivery

Malaria more 
than 1 month 
before delivery

no malaria 
during this 
pregnancy

p-value*

Group 1
n=199

Group 2
n=183

Group 3
n=193

Group 4
n=199

Age, years 26 (7) [14-44] 26 (7) [14-45] 25 (7) [15-43] 26 (7) [16-45] NS

teenager 44/199 (22.1) 34/183 (18.6) 40/193 (20.7) 40/199 (20.0) NS

Gravidity 2 (1-5) [1-10] 2 (1-4) [1-13] 2 (1-4) [1-10] 2 (1-4) [1-10] NS

Parity 1 (0-3) [0-9] 1 (0-3) [0-10] 1 (0-3) [0-8] 1 (0-2) [0-7] NS

Nulliparous 76/199 (38.2) 62/183 (33.9) 74/193 (38.3) 83/199 (41.5) NS

Smoking^ 65/185 (35.1) 60/165 (36.4) 61/181 (33.7) 35/139 (25.2) NS

Number of 
antenatal visits 13 (10) [1-36] 15 (10) [1-34] 17 (8) [1-35] 19(9) [1-35] Group 1vs 3 <0.05

Group1 and 2 vs 4 <0.05

Women with 
<4 visits 42/199 (21.2) 35/183 (19.1) 16/193 (8.3) 9/199 (4.5) Group 1and 2 vs 3 and 4 

<0.05

year of delivery 
1995-2001 54/199 (27.1) 44/183 (24.0) 46/193 (23.8) 61/199 (30.7)) NS

year of delivery 
2002-2010 145/199 (72.9) 139/183 (76.0) 147/193 (76.2) 138/199 (69.3) NS

Data shown as Mean (SD) [min-max], Median (IQR) [min-max], or n(%). *p-values adjusted for multiple 
comparisons with Bonferroni method. ^ Missing data as recording of smoking commenced in 1999.

Maternal outcomes 
The maternal outcomes of the 4 groups are summarized in table 8.3. Labour in group 
1 and 2 was faster and needed less augmentation than in group 4, even when adjusted 
for maternal temperature, birth weight, parity and GA (data not shown). The frequency 
of contractions did not differ between the groups. The use of quinine as an antimalarial, 
which in the past was used for augmentation of labour20, did not influence the frequency 
of contractions (data not shown). The need for assisted vaginal deliveries (vacuum or 
forceps) (n=27) was equally distributed among the groups, with prolonged second stage 
being the main indication in all groups.
Women from group 1 and 2 had a lower systolic and diastolic blood pressure compared 
with group 4, and a faster pulse. twenty-nine women needed a blood transfusion: more 
in group 1 and 2 compared to group 4 (table 8.3). The risk ratio for blood transfusion 
for group 1 was 7.5 (95% CI 1.7 – 32.4, p= 0.002), 4.9 (95% CI 1.1 – 22.4) for group 
2, p= 0.030 and 1.6 (95% CI 0.3 – 9.2) for group 3, p= 0.680 compared to group 4.
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Reasons for blood transfusion were summarized (table 8.4): in group 1, 7/15 (47%) of 
blood transfusions were given before delivery, compared to 1/8 (13%) in group 2 and 
zero of five women in group 3 and 4. 
There was no difference in the proportions of women with PPH by groups. Of all the 
women with PPH (n=47): 6/12 (50%) needed a blood transfusion in group 1, while this 
was 2/7 (29%) in group 2, 2/14 (14%) in group 3 and 2/14 (14%) in group 4. The risk 
ratio for a blood transfusion after PPH for group 1 and 2 was 2.9 (95% CI 1.03 – 8.42, 
p= 0.045) compared to women in group 3 and 4. 
Group1 had the highest proportion of placental malaria (table 8.3). Of all women with 
placental malaria 9/104 (8.7%) had a PPH, compared to 30/518 (5.8%) of women 
without placental malaria (p= 0.255).

table 8.2 Details of malaria episodes in pregnancy according to the malaria groups

Characteristics Malaria 
at delivery

Malaria the week 
before delivery

Malaria more than 1 
month before delivery p-value*

Group 1
n=199

Group 2
n=183

Group 3
n=193

Days from last episode to delivery 0 [0-6] 3 [0^-7] 89 [31-266] n.a

total number of malaria episodes 503 554 313 n.a

Median number of malaria episodes 2 [1-10] 2 [1-11] 1 [1-6]
1vs2= 0.040
1vs3 <0.001
2vs3 <0.001

Species of malaria during pregnancy
P.falciparum only 47 (23.6) 38 (20.8) 87 (45.1)~

<0.001P.vivax only 81 (40.9) 70 (38.0) 78 (40.4)

Both malaria species 71 (35.9)# 75 (40.8) # 28 (14.5)

Severity of latest malaria episode before or at delivery
Uncomplicated 187 (94.0) 180 (98.4) 186 (96.4)

0.076Uncomplicated hyperparasitaemia 9 (4.5) 3(1.6) 7 (3.6)

Severe malaria 2 (1.0) 0 0

Febrile at latest episode 37 /165 (22.4) 21/150 (14.0) 33/162 (20.4) 0.144

P.vivax parasitaemia at diagnosis,
 geometric mean /uL 

369 
[16 – 56,234]

168 
[16 – 61,660]

155 
[16 – 41,687]

1vs2 =0.005
1vs3 =0.003
2vs3 =0.761

P.falciparum parasitaemia at diagnosis,
 geometric mean /uL 

6,722
 [32 – 912,011]

1,742 
[16 – 323,594]

2,225 
[16 – 512,861]

1vs2 =0.003
1vs3 =0.005
2vs3 =0.518

Data shown as Median [min-max], geometric mean [min-max] or n(%)
*p-values adjusted for multiple comparisons with Bonferroni method 
~ Group 3 had a significantly higher proportion of women with P.falciparum than Group 1 and 2
# Group 1 and 2 had a significantly higher proportion of both species than Group 3 
^ four women with low P.vivax parasite counts received treatment in the morning at routine antenatal care 
visit, and were malaria smear negative at delivery later that day.
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table 8.3 Maternal outcomes during labour

Malaria at delivery Malaria the week 
before delivery

Malaria more than 
1 month before 

delivery

no malaria 
during this 
pregnancy

Group 1
n=199

p- 
value*

Group 2
n=183

p- 
value*

Group 3
n=193

p- 
value*

Group 4
n=199

time between admission and 
delivery, minutes 165 [0 – 1160] 0.018 183 [2 – 

1420] 0.018 198 [1 – 
1434] 0.278 250 [0 – 1373]

Length of second stage, 
minutes 8 [0-144] <0.001 7 [1-85] <0.001 8 [1-102] 0.002 12 [1-178]

Number of contractions/10 
minutes 3 [1-6] 0.123 3 [1-5] 0.232 3 [2-5] 0.242 3 [2-5]

Use of oxytocin for augmen-
tation 13/199 (6.5) 0.002 8/183 (4.4) <0.001 21/193 (10.9) 0.083 34/199 (17.1)

Assisted vaginal delivery 7/199 (3.5) 0.347 4/183 (2.2) 0.075 4/193 (2.1) 0.072 12/199 (6.0)

Antepartum haemorrhage 2/199 (1.0) 0.623 2/183 (1.1) 0.608 0 1.000 1/199 (0.5)

Post partum haemorrhage 12/199 (6.0) 0.840 7/183 (3.8) 0.186 14/193 (7.3) 1.000 14/199 (7.0)

Lowest pulse, bpm 80 (10) 0.002 78 (7) 0.266 77 (7) 0.993 77 (7) 

Highest systolic blood pres-
sure, mmHg 114 (13) <0.001 116 (14) <0.001 119 (14) 0.052 122 (15) 

Lowest diastolic blood pres-
sure, mmHg 74 (9) <0.001 75 (9) <0.001 77 (10) 0.002 80 (9) 

Fever during labour 17/169 (10.1) 0.062 5/152 (3.3) 0.583 4/170 (2.4) 0.379 8/172 (4.7)

Latest Hct before delivery, % 32 (5) <0.001 33 (4) 0.127 33 (4) 0.060 34 (4)

Anemia (Hct < 30) before 
delivery 40/192 (20.8) 0.002 26/183 (14.2)0.149 28/192 (14.6) 0.116 18/197 (9.1)

Need for blood transfusion 
around delivery 15/199 (7.5) 0.002 9/183 (4.9) 0.030 3/193 (1.6) 0.680 2/199 (1.0)

Placental malaria at delivery 96/181 (53.0) <0.001 7/162 (4.1) 0.019 1/181 (0.6) 1.000 0

Data shown as Mean (SD), Median [min-max] or n (%). *p-values calculated compared to Group 4

table 8.4 Reasons for blood transfusions, according to malaria group

Malaria at 
delivery 

Malaria the 
week before 
delivery 

Malaria more 
than 1 month 
before delivery 

no malaria 
during this 
pregnancy 

Group 1
n=15

Group 2
n=9

Group 3
n=3

Group 4
n=2

transfusion due to obstetric haemorrhage* 2/15 (13%) 1/9 (11%) 3/3 (100%) 2/2 (100%)

transfusion for malaria related severe 
anemia (HCt < 20%) 8/15 (53%) 6/9 (67%) 0 0

transfusion due to a combination of 
obstetrics* and malaria 5/15 (33%) 2/9 (22%) 0 0

*Obstetric haemorrhage includes antepartum haemorrhage (1 case in group 1 and 1 in group 2), postpartum 
haemorrhage, and 1 case with a massive vaginal haematoma (group 3).
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table 8.5 Neonatal outcomes per malaria group

Malaria at delivery Malaria the week 
before delivery

Malaria more than 
1 month before 

delivery

no malaria 
during this 
pregnancy

Group 1
n=199

p- 
value*

Group 2
n=183

p- 
value*

Group 3
n=193

p- 
value*

Group 4
n=199

Meconium stained liquor 61/178 (34.3) 0.001 61/176 (34.7) 0.001 39/192 (20.3) 0.889 38/195 (19.5)

Apgar score 1 minute for life 
born infants # 8 [4-9] 0.011 8 [5-10] 0.133 8 [3-9] 0.197 8 [2-9] 

Apgar score 5 minutes for life 
born infants# 9 [5-10] <0.001 9 [7-10] 0.024 10 [5-10] 0.128 10 [5-10] 

Fetal distress (fetal heart beat 
<120 or >160) 16/169 (9.5) 0.324 7/174 (4.0) 0.480 11/188 (5.9) 1.000 12/194 (6.2)

Need for resuscitation 16/184 (8.7) 0.445 10/165 (6.1) 1.000 14/193 (7.3) 0.843 13/199 (6.5)

Stillborn 7/199 (3.5) 0.007 2/183 (1.1) 0.228 0 1.000 0

Birth weight (min-max) 2702 (557) 
(1100 – 4340) <0.001 2788 (458)

(1400 – 3800) <0.001 2929 (424) 
(1400 – 4250) 0.525 2956 (428) 

(990 – 3900)

Small for gestational age 36/199 (18.1) 0.001 37/183 (20.2) 0.003 28/193 (14.5) 0.054 16/199 (8.0)

Gestational age (weeks) 38.3 (3) <0.001 38.9 (2) 0.170 39.4 (1) 0.165 39.2 (1)

Premature 36/199 (18.1) <0.001 18/183 (9.3) 0.113 8/193 (4.1) 0.811 10/199 (5.0)

Congenital malaria at the day 
of delivery 5/ 199 (2.5) 0.030 0 na 0 na 0

Adverse perinatal outcome^ 65/199 (32.7) <0.001 48/183 (26.2) <0.001 36/193 (18.7) 0.023 21/199 (10.6)

Data shown as Mean (±SD), Median [min-max] or n (%). *p-values calculated compared to Group 4 
#Apgar scores were available for 178, 164, 186 and 163 neonates in group 1, 2, 3 and 4 respectively.
^Adverse perinatal outcome: premature, small for gestational age and still born pooled.

Neonatal outcomes
Neonatal outcomes are summarized in table 8.5. Newborns from group 1 and 2 
mothers had a higher proportion of meconium stained liquor, and lower median Apgar 
scores compared to group 3 and 4. When fetal distress was recorded (n=46), this was 
mostly (89%, 41/46) due to fetal bradycardia (FHB< 120 bpm). There were more 
adverse perinatal outcomes (stillborn, premature and SGA infants) in group 1 compared 
to group 4. Of the 9 stillborn infants in this study (7 in group 1 and 2 in group 2), 
8 fetuses had already died before the women were admitted to hospital; only 1 fetus 
died during labour (in the mother with severe malaria). Four women with stillbirths 
were attending for their first time. Among the 9 women with stillbirth, 7 (77.8%) had 
symptomatic malaria before admission, with a median of 4 days of fever [range 1-30], 
compared to 154 (41.3%) in the other women from group 1 and 2 who did not have a 
stillbirth, with a median of 2 days fever [range 1-14]. Four of the women with stillbirth 
had P.falciparum hyperparasitaemia at admission, and 5 required a blood transfusion, of 
which 4 were commenced before delivery.
When the adverse neonatal outcomes were compared individually between group 3 and 
4 no significant difference was observed. However, when assessing the composite of 
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adverse perinatal outcome, all groups had significantly higher proportions than group 
4 (Figure 8.2). Risk ratios for adverse perinatal outcome were: 3.1 (95% CI 2.0 – 4.9, 
p<0.001), 2.5 (95% CI 1.6 – 4.0, p<0.001), and 1.8 (95% CI 1.1 – 2.9, p=0.023) for 
group 1, 2 and 3 respectively compared to group 4.
Within group 1 and 2, symptomatic malaria and P.falciparum were associated with 
higher risk of adverse outcomes than asymptomatic or P.vivax malaria infections respec-
tively (table 8.6).
However women with asymptomatic or P.vivax infections had still more adverse 
outcomes for neonates compared to the control group.
table 8.6 Main outcomes between recent malaria (group 1, 2) and no malaria (group 4) compared for 
symptoms and species

no Malaria 
(G4)

n=199

Symptomatic 
(S)

n=169

asymptomatic 
(a) 

n=213
p-value

P.falciparum 
(Pf )

n=146

P.vivax (Pv)
n=236

p-value

Need for blood 
transfusion 
around delivery 

2/199 (1.0) 17 (10.1) 7 (3.3)
S vs A 0.010
S vs G4 <0.001
A vs G4 0.177

19 (13.0) 5 (2.1)
Pf vs Pv <0.001
Pf vs G4 <0.001
Pv vs G4 0.461

PPH 14/199 (7.0)11 (6.5) 8 (3.8)
S vs A 0.243
S vs G4 1.000
A vs G4 0.188

10 (6.8) 9 (3.8)
Pf vs Pv 0.227
Pf vs G4 1.000
Pv vs G4 0.196

Meconium 
stained liquor 

38/195 
(19.5) 66 (44.0) 56 (27.5)

S vs A 0.002
S vs G4 <0.001
A vs G4 0.076

53 (42.7) 69 (30.0)
Pf vs Pv 0.019
Pf vs G4 <0.001
Pv vs G4 0.014

Apgar score 1 
minute for life 
born infants #

8 [2-9] 8 [4-9] 8 [5-10]
S vs A 0.158
S vs G4 0.002
A vs G4 0.088

8 [4-10] 8 [5-9]
Pf vs Pv 0.137
Pf vs G4 0.001
Pv vs G4 0.075

Apgar score 5 
minutes for life 
born infants#

10 [5-10] 9 [5-10] 9 [7-10]
S vs A 0.227
S vs G4 <0.001
A vs G4 0.002

9 [5-10] 9 [7-10]
Pf vs Pv 0.186
Pf vs G4 <0.001
Pv vs G4 0.001

Stillborn 0 7 (4.1) 2 (0.9)
S vs A 0.084
S vs G4 0.004
A vs G4 0.499

8 (5.5) 1 (0.4)
Pf vs Pv 0.002
Pf vs G4 0.001
Pv vs G4 1.000

Small for gesta-
tional age 16/199 (8.0)38 (22.5) 35 (16.4)

S vs A 0.150
S vs G4 <0.001
A vs G4 0.011

34 (23.3) 39 (16.5)
Pf vs Pv 0.110
Pf vs G4 <0.001
Pv vs G4 0.009

Premature 10/199 (5.0)36 (21.3) 17 (8.0)
S vs A <0.001
S vs G4 <0.001
A vs G4 0.240

28 (19.2) 25 (10.6)
Pf vs Pv 0.022
Pf vs G4 <0.001
Pv vs G4 0.035

Congenital ma-
laria at the day 
of delivery

0 3 (1.8) 2 (0.9)
S vs A 0.659
S vs G4 0.096
A vs G4 0.499

3 (2.1) 2 (0.8)
Pf vs Pv 0.375
Pf vs G4 0.075
Pv vs G4 0.502

Adverse perina-
tal outcome^ 

21/199 
(10.6) 64 (37.9) 49 (23.0)

S vs A 0.002
S vs G4 <0.001
A vs G4 0.001

55 (37.7) 58 (24.6)
Pf vs Pv 0.008
Pf vs G4 <0.001
Pv vs G4 <0.001

Data shown as Median [min-max] or n (%). #Apgar scores were available for 143 newborns in the 
symptomatic group, 199 in the asymptomatic, 116 in the P.falciparum, 226 in the P.vivax group and 163 in 
group 4. ^Adverse perinatal outcome: premature, small for gestational age and still born, pooled.
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discussion

As previously reported, malaria at any time in pregnancy is associated with poorer 
neonatal outcomes (preterm birth, SGA and stillbirth)4,6,21. This study demonstrates 
additional risks for women and their newborns when malaria is diagnosed at, or close 
to delivery. This risk was the highest when women had a symptomatic or a P.falciparum 
infection, but even asymptomatic and P.vivax infections were associated with an 
increased risk of adverse outcomes for neonates compared to uninfected women.
In this population, malaria at the time of delivery was not very common; 199 (1.2%) of 
the 16,091 women, compared to proportions up to 18.5% reported elsewhere22. Active 
detection and treatment during pregnancy in this area is likely to have contributed to 
this low proportion, and also might have kept adverse events to a minimum. In areas 
without active detection and treatment the risk ratio of adverse effects are likely to be 
higher than observed in this analysis.
Women with malaria at delivery or the week before delivery were at higher risk of severe 
anaemia requiring blood transfusion, although this appears to be related to malaria 
rather than to PPH. In a large study from Papua New Guinea placental malaria was 
associated with PPH23, but in our study neither peripheral parasitaemia at delivery nor 
placental malaria increased the risk for PPH. Active antenatal care, regular screening and 
treatment for malaria and provision of haematinic supplements or blood transfusion 
before labour if needed, reduces the proportion of women anaemic at delivery (table 
8.3). This may reduce PPH; as an association between anaemia and PPH has been 
demonstrated24,25 and treatment normalizes the thrombocytopaenia associated with 
malaria infection26. 
The number of women with severe anaemia in group 1 may have been underestimated. 
Women with acute malaria and women in labour can be dehydrated and have an 
increased haematocrit due to haemo-concentration. Consequently, the cut off point of 
Hct 20% for blood transfusions may be re-considered for sick women in labour, which 
clinically results in a lower threshold for blood transfusions, and this may improve 
maternal and fetal outcomes further. 
Most indicators of maternal and neonatal outcomes were not significantly different for 
women in group 3 and group 4. However the risk of pooled adverse outcomes was 
increased, mainly due to small for gestational age infants, which is not an acute outcome 
at delivery, but more a chronic consequence of malaria.
The overall number of antenatal visits, which corresponds to the number of malaria 
screenings, was high (table 8.1) and increased the chance that a woman entered labour 
with a negative blood smear. The number of visits in women with stillbirth was low, 
4 of the 9 women with a stillbirth presented for only one screening, at delivery. Most 
stillbirths in this study were in women with symptomatic malaria close to delivery: a 
higher number of days of fever, higher parasite counts and more anaemia than women 
without stillbirths were observed. The information on why these women came late to 
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the clinic or had a low number of visits was not available but access is likely to be an issue 
for the population in this rural area. 
Malaria at, or close to delivery resulted in quicker labour when controlling for other 
effects and required less augmentation than observed in women from the other 2 groups. 
It is possible that peripheral parasitaemia or being generally unwell augments labour. 
Malaria in pregnancy is a known risk factor for stillbirth of the fetus3. It is likely that 
this risk increases when the ‘strain of labour’ adds to the pathological stress the fetus has 
due to malaria. One fetus with fetal distress in a woman with severe malaria died during 
labour and could possibly have been saved by an emergency caesarean section. There 
is no published evidence on the need for caesarean section for uncomplicated malaria 
during labour, but this data suggests it should be reserved for obstetric indications 
only. In addition, labouring women with recent malaria should be treated as high risk 
patients and deserve intensive maternal and fetal monitoring, ideally with continuous 
cardiotocography, but in most rural tropical settings this technology is unavailable and 
an increased frequency of intermittent auscultations has to suffice. Nevertheless, if 
caesarean section is considered, a platelet count should be performed in all women as 
thrombocytopenia is observed in pregnant women with P.falciparum as well as P.vivax 
malaria26. A summary of recommendations is given in Panel 8.1.
In this study antimalarial treatment given at delivery was according to WHO and 
SMRU guidelines for treatment of malaria during pregnancy13,14. Oral treatment during 
labour for uncomplicated malaria was tolerated well, and none of the women on oral 
treatment deteriorated during labour, or after delivery. There is no data available about 
pharmacokinetics or efficacy of antimalarial treatment at delivery, but there is no reason 
why it should be different from pregnancy data. Therefore we propose to use the same 
regimen as during pregnancy for women with malaria during labour, but a switch can be 
made after delivery to a regimen for lactating women, as a shorter duration of treatment 
will enhance compliance. treatment guidelines are given in table 8.7.
Infants born to mothers with current or very recent malaria at delivery had lower Apgar 
scores at delivery. However the clinical relevance of this is probably small, as there was 
no difference in the proportion of infants that needed resuscitation between the groups. 
Clinical more important outcome were the increased proportion of meconium stained 
liquor (a sign of fetal distress), and the higher proportion of premature and small for 
gestational age neonates born in group 1 and 2, predisposing to neonatal complications. 
Congenital malaria, another serious risk for the infant was directly related to malaria 
at delivery, as all 5 cases (2.5%) were from group 1. Most congenital malaria cases are 
detected in the first month of life, but congenital malaria in neonates is described until 
5 months of age6,27. Therefore, all neonates born from a mother with malaria during 
labour should be checked for malaria immediately after birth and frequent (e.g. weekly) 
malaria screening of the neonate in the first month is recommended. Clear instructions 
should be given to the care taker to return to the clinic if fever or other signs of illness 
appear in the newborn (Panel 8.1).
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A limitation of this retrospective analysis is that women who were transferred during 
labour to the local Thai hospital because of obstetric complications were not included. 
As a result there is a selection for less complicated deliveries overall. However, the 
proportion of deliveries in the Thai hospital was comparable between women with and 
without malaria. In addition, any preferential referral of women with malaria would 
dilute the effects found rather than negate them, hence this data is still informative. 
Another limitation is the fact that the data used in this study are collected over a 15-year 
time period, in which malaria transmission as well as skills in the delivery room have 
changed. However in the matching procedure year of birth was one of the matching 
criteria, and therefore should be adequately dealt with.

table 8.7 Recommendations for malaria treatment around delivery and for newborns

P.falciparum 

Pregnant 
women around 
delivery+

uncomplicated: ACt known to be effective in the region, or artesunate# plus clindamycin$ for 7 
days. 
uncomplicated hyperparasitaemia28: Oral artesunate 4 mg/kg on day 0, followed by oral artesunate# 
for 6 days plus clindamycin$ or ACt known to be effective in the region.
Severe malaria: IV artesunate*, switch when oral is tolerated to ACt (without mefloquine in case of 
CNS involvement) known to be effective in the region or artesunate# and clindamycin$ for 7 days 
total treatment. 

Lactating 
women+

uncomplicated: ACt known to be effective in the region. 
uncomplicated hyperparasitaemia28: Oral artesunate 4 mg/kg on day 0, followed by oral artesunate# 
for 6 days or ACt known to be effective in the region
Severe malaria: IV artesunate*, followed by an ACt (without mefloquine in case of CNS involve-
ment) known to be effective in the region when oral is tolerated. 

Neonates28

uncomplicated: Oral Artesunate# plus clindamycin$ for 7 days. 
uncomplicated hyperparasitaemia or severe malaria: IV artesunate* and switch to oral arrtesunate# 
plus clindamycin$ when oral is tolerated.
As deterioration in infants can be rapid and absorption in very small infants unreliable, there should 
be a much lower threshold for the use of parenteral treatment, preferably artesunate. Other ACt’s 
might be used as well, but sulfadoxine-pyrimethamine should be avoided in the first weeks of life, and 
tetracyclines avoided until 8 years old.

P.vivax, P.ovale and P.malariae 

Pregnant 
and lactating 
women, and 
neonates+

uncomplicated: Oral chloroquine total dose of 25 mg base/kg body weight over 3 days. 
Severe malaria: treatment should be as for severe P.falciparum
In areas where P.vivax is chloroquine resistant, local recommendations should be followed. Primaquine 
for eradication of the liver stage (P.vivax, P.ovale) is contraindicated during pregnancy and in early 
lactation, and should only be given after G6PD testing of the lactating mother and the infant; there is 
no information available on the excretion of primaquine in breast milk. 
Congenitally acquired P.vivax and P.ovale have no liver stage and primaquine is not needed.

ACt: Artemisinin-based combination therapy; IV: intravenous. G6PD Glucose-6-phosphate dehydrogenase 
deficiency. # Oral Artesunate 2 mg/kg once daily. $ Oral Clindamycin 5 mg/kg three times a day. * IV 
artesunate 2.4 mg/kg at hour 0, 12 and 24, daily thereafter, until oral treatment is tolerated. + Dapsone, 
primaquine and tetracyclines should not be used during pregnancy or during early lactation
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Figure 8.2 Proportions of adverse perinatal outcomes per malaria group.

Black: adverse perinatal outcomes pooled, White: small for gestational age, Light grey: premature birth, 
Dark grey: stillbirth

Panel 8.1 Recommendations for obstetric management of women with current or recent uncomplicated 
malaria infections in low transmission settings.

antepartum (all women in general)

•	 All women attending the clinic for delivery should be screened for malaria and anaemia.
•	 If malaria positive, antimalarial treatment should be commenced immediately (table 
8.7): After delivery a switch can be made to treatment for lactating women.
•	 If anaemic, blood should be screened and cross matched with a low threshold for transfu-
sion, particularly when delivery is imminent or parasitaemia is high. 

intrapartum (if current or recent malaria): 

•	 Monitoring in the first stage of labour should be as for any high risk delivery, which in-
cludes frequent vital sign observations in the mother (hourly) and fetus (every 15 minutes), 
and after every contraction in the second stage, or continuous cardiotocography if available.
•	 Caesarean section is only indicated for obstetric reasons. 
•	 Malaria related thrombocytopenia should be considered before any surgical or anaesthetic 
procedure. 

Postpartum

•	 Prepare for the possibility of receiving a premature, small for gestational age newborn with 
lower Apgar Scores and with meconium stained liquor.
•	 After delivery the newborn should be screened for malaria and treated accordingly (table 
8.7).
•	 In infants whose mothers were positive at delivery frequent malaria screening is recom-
mended until 1 month after delivery, and the care taker should be instructed to return to the 
clinic if fever or other signs of illness are observed in the infant. 
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Conclusions

Malaria at, or close to delivery increases the risk of adverse outcomes for both the mother 
and newborn. Recommendations for the management of women with malaria around 
the time of labour are provided (Panel 8.1).
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