Additional File 7: Supplementary forest plots and results for additional outcomes.
Anaemia

Four studies provided estimates for the association between antibody responses to
pregnancy specific P. falciparum antigens and maternal anaemia at delivery [1-4], and one
study examined antibody responses and anaemia during the second and third trimester [2].
Whilst the definitions of anaemia differed in each study, the overall trend was for increased
odds or risk of anaemia in antibody responders compared to non-responders (Supplementary
Figure 1, Additional file 7) [1-4]. Notably, Kenyan Ab responders to a placental isolate (EJ24)
had a 2.6-fold increase in odds of severe anaemia (Hb <7.0g/dl; 95%Cl, 1.81-3.68) compared
to non-responders (Supplementary Figure 1, Additional file 7)[1]. Five studies included in
narrative form found no association between antibodies to pregnancy-specific pRBC or
VAR2CSA antigens and anaemia [5-9] or haematocrit [10]. In contrast, in studies of Malawian
women, total IgG and opsonizing Abs to CS2 were positively associated with haemoglobin
levels at 36 weeks [11] and decreased anaemia at delivery [12], suggesting antibodies may
have a protective effect. Overall, the associations between antibody responses to pregnancy-
specific P. falciparum antigens and anaemia were heterogeneous, and this is probably
reflective of differences in the populations studied, in the specific outcome measurements,
and the multiple (non-malarial) causes of anemia.

Severe malaria

A single Sudanese case-control study examined antibody responses in three groups of
pregnant women: those with severe malaria, those with uncomplicated malaria, and
uninfected controls. Women who were positive for total IgG or opsonic phagocytosis Abs to
CS2 pRBC at T2/T3 had reduced odds of severe malaria, when uninfected controls were the
reference group, compared to women who were negative for these antibodies
(Supplementary Figure 2, Additional file 7); but this association was significant for phagocytic
antibodies only [13]. In contrast, DBL5 responders had a non-significant increase in odds of
severe malaria compared to non-responders, when uninfected controls were the reference
group (Supplementary Figure 2, Additional file 7).

Preterm birth

Three studies provided estimates for the association between antibody responses to
pregnancy-specific P. falciparum antigens at delivery and odds of preterm birth (PTB), with
heterogeneous results (Supplementary Figures 3A, 11A, and 12A, Additional file 7). At
delivery, Kenyan women positive for CSA adhesion inhibitory Abs [4] and Malian women
positive for DBL3 Abs [14] had reduced odds of PTB, but Ab responders to FV2 had increased
odds of PTB compared to non-responders [3]. Only two studies examined the association
between antibody responses measured earlier in pregnancy and risk of PTB. Aitken et al
found no association between antibodies to CS2, measured at T2 or T3, and PTB
(Supplementary Figure 3B, Additional file 7)[2]. Fried et al found that antibody responders to
ID1-1D2a at enrolment had increased odds of PTB compared to non-responders
(Supplementary Figure 3B, Additional file 7), but this association was not observed for other
VAR2CSA antigens, nor in secundigravidae/multigravidae (Supplementary Figure 128,



Additional file 7) [14]. Conversely, among secundigravidae/multigravidae only, antibody
responders to DBL3 at enrolment had decreased odds of PTB, but this association was not
observed for other antigens (Supplementary Figure 12B, additional file 7).

Of the studies included in narrative form, one examined PTB as an outcome and found that of
those women negative for peripheral infection at enrolment, higher CSPG-binding inhibitory
capacity, but not total IgG, was associated with a lower risk PTB [8]. In addition, one study
examined the association between antibody responses to a range of pRBC and VAR2CSA
antigens and found that higher Abs against DBL2X were associated with younger gestational
age and among women with at least one malaria episode during pregnancy, high Abs to a
placental isolate, DBL3X and DBL6€E were associated with increased gestational age [10].
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Supplementary Figure 1. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and anaemia. Estimates represent the odds (CS and CC studies) or risk (RCT)
of anaemia or severe anaemia, as defined in individual publications, in Ab responders compared to
Ab non-responders and are for women of all gravidities included in original studies. Timing of anti-

body determination (Ab time) and anaemia determination (Test time) are as indicated. @Data

supplied by original authors and estimate calculated by current authors; bEstimate calculated by
current authors from data in original publication. CS, cross-sectional; CSA adhes. inhib., CSA adhesi-
tion inhibition assay; CC, case-control; ES, estimate; Flow cyto., flow cytometry; Hb, haemoglobin; n,
number of participants included in estimate; plac. isolate, placental isolate; PCV, packed cell volume;

RCT, randomized controlled trial; T2, second trimester; T3, third trimester.



Study Country Design Abtime  Assay Antigen n OR (95% CI)

Chandrasiri et al 2014 Sudan cC T2/T3 Flow cytometry CS2 80 < 0.40 (0.13, 1.29)a

Chandrasiri et al 2014 Sudan cC T2/T3 Opsonic phagocytosis €S2 80 0.25 (0.07, 0.84)a

*

Chandrasiri et al 2014 Sudan cc T2/73 ELISA DBL5 80 2.34(0.92, 5.95)a

<

Supplementary Figure 2. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and severe malaria. Estimates represent the odds of severe malaria
(compared to uninfected women) in Ab responders compared to Ab non-responders and are for
women of all gravidities. @Estimate calculated by current authors from data in original publication.
CC, case control; n, number of participants included in estimate; OR, odds ratio; T2, second trimester;
T3, third trimester.



Study Country Design  Assay Antigen n OR (95% CI)
Functional responses to pRBC
Duffy & Fried 2003  Kenya cs CSA adhesion inhib.  plac. isolate 166 < 0.44(0.23, 0,82)a
VAR2CSA antigens
Lloyd et al 2018 Cameroon CC Multiplex FV2 1342 e o 1.58(1.17, 2.13)b
Fried et al 2018 Mali cs Multiplex ID1-ID2a 546 ¢ 1.27 (0.65, 2.47)%
Fried et al 2018 Mali cs Multiplex DBL2 546 * 1.75 (0.67, 4.57)%
Fried et al 2018 Mali cs Multiplex DBL3 546 < 0.46 (0.21, 1.02)°
Fried et al 2018 Mali cS Multiplex DBL3-4 546 * 0.78 (0.35, 1.76)a
Fried et al 2018 Mali cs Multiplex DBL4 546 * 0.44 (0.16, 1.21)°
Fried et al 2018 Mali cs Multiplex DBLS 546 + 0.72 (0.21, 2.49)
|
5
Study Country  Design Ab time Assay Antigen n RR (95% CI)
pRBC
Aitken et al 2010 Malawi RCT T2 Flow cyto.  CS2 507 <+ 1.14 (0.49, 2A68)a
Aitken et al 2010 Malawi RCT T3 Flow cyto.  CS2 90 2 0.50(0.13, 1.97)a
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex ID1-ID2a 556 < 1.93 (1.00, 3.73)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL2 556 ¢ 1.39 (0.61, 3‘:‘19)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3 556 9 0.70 (0.34, 1A44)a
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex  DBL3-4 556 <+ 1.37 (0.60, 3.15)°
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL4 556 g 0.69 (0.26, 1.81)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL5 556 <& 1.27 (0.32, 5.00)a




Supplementary Figure 3. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and preterm birth. A. Estimates represent the odds of preterm birth in Ab
responders compared to Ab non-responders, where antibodies were measured at delivery (cross-
sectional studies). B. Estimates represent the risk of preterm birth in Ab responders compared to
non-responders, where antibodies were measured at time-points prior to delivery, as indicated
(prospective studies). Estimates are for women of all gravidities. Meta-analysis was not performed as
antigens differed between studies @Data supplied by original authors and estimate calculated by
current authors. CC, case control; CS, cross-sectional; CSA adhesion inhib., CSA adhesion inhibition
assay; Flow cyto., flow cytometry; n, number of participants included in estimate; OR, odds ratio;
plac. isolate, placental isolate; pRBC, parasitized red blood cells; RCT, randomized controlled trial; RR,
risk ratio; T1, first trimester; T2, second trimester; T3, third trimester.



Study Country Design Assay Antigen n OR (95% Cl) % Weight
pRBC
Beeson et al 2004 Malawi cC Flow cyto. CS2 54 ¢ 61.75(7.11, 536.20)a
Staalsoe et al 2001 Cameroon (Ebolowa) CS Flow cyto. Palo Alto 55 _._ 0.95 (0.19, 4A73)b 51.86
Staalsoe et al 2004 Kenya cS Flow cyto. EJ24 93 : 28.65 (3.66, 223.98)b 48.14
Subtotal (I-squared = 84.7%, p = 0.011) e — 4.90 (0.17, 137.41) 100.00
Functional responses to pRBC
Beeson et al 2004 Malawi cc Agglutination CS2 64 ¢ 35.00 (4.20, 291.99)a
Beeson et al 2004 Malawi cc CSA adhes. inhib €S2 54 _‘_ 3.57(1.13, 11.25)a
Duffy & Fried 2003 Kenya cS CSA adhes. inhib  plac. isolate 47 : 0.62 (0.02, 15.99)b
VAR2CSA antigens
Lloyd et al 2018 Cameroon cC Multiplex FV2 361 —— 4.15 (2.54, 6.77)a
Fried etal 2018  Mali cs Multiplex ID1-1D2a 152 e — 2.46 (1.03,5.91)°
Fried et al 2018 Mali cs Multiplex DBL2 152 ——— 2.06 (0.66, 6.41)b
Fried et al 2018 Mali cS Multiplex DBL3 152 —-‘— 1.33 (0.46, 3.82)b
Fried et al 2018 Mali Cs Multiplex DBL3-4 152 * 1.11(0.43, 2.86)b
Fried etal 2018  Mali cs Multiplex DBL4 152 ———— 1.33(0.28,6.31)°
Fried et al 2018 Mali cs Multiplex DBL5 152 ‘ 7.15(0.41, 123.65)b 10.65
Guitard et al 2008 Senegal cs ELISA DBL5 52 -* 2.90(0.74, 11.35)b 34.34
McLean et al 2017 PNG cs ELISA DBL5 79 * 0.99 (0.40, 2A42)b 55.02
Subtotal (I-squared = 30.7%, p = 0.236) - 1.76 (0.66, 4.71) 100.00
NOTE: Weights are from random effects analysis
| | |
5 1 2 5
Study Country Design Abtime  Assay Antigen n RR (95% ClI)
pRBC
Cox et al 2005 Ghana RCT T1/T2 Flow cyto. FCR3 72 < 1.19 (0.47, 3.04)b
Cox et al 2005 Ghana RCT T2/T3 Flow cyto. FCR3 64 ¢ 1.77 (0.43, 7.29)b
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex ID1-ID2a 157 ¢ 0.95 (0.49, 1.84)b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL2 157 ¢ 0.91(0.41, 2.01)b
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex DBL3 157 < 1.16 (0.54, 2.50]b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL3-4 157 > 1.05 (0.49, 2.25)b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL4 157 ¢ 1.26 (0.34, 4.72)b
Friedetal 2018  Mali cohort  T1/T2/T3 Multiplex DBLS 157 ¢ 1.59 (0.42, 6.06)°
Guitard et al 2008 Senegal cohort T1/T2 ELISA DBL5S 52 ¢ 0.59 (0.23, 1.52)b
| | |
2 1 2 5



Supplementary Figure 4. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and placental malaria in primigravidae. A. Estimates represent the odds of
placental malaria in Ab responders compared to Ab non-responders, where antibodies were meas-
ured at delivery (cross-sectional studies). B. Estimates represent the risk of placental malaria in Ab
responders compared to non-responders, where antibodies were measured at time-points prior to
delivery, as indicated (prospective studies). Estimates for McLean et al 2017 represent 1gG3
responses, as total IgG was not available. Meta-analysis was only performed on estimates where
VAR2CSA antigen or functional assay (where applicable) and timing of antibody determination were
the same. @Estimate calculated by current authors from data in original publication; bpata supplied
by original authors and estimate calculated by current authors. CC, case control; CS, cross-sectional;
CSA adhes. inhib., CSA adhesion inhibition assay; n, number of participants included in estimate; OR,
odds ratio; plac. isolate, placental isolate; pRBC, parasitized red blood cells; RR, risk ratio; T1, first
trimester; T2, second trimester; T3, third trimester.



A

Study Country Design Assay Antigen n OR (95% Cl) % Weight
pRBC
Beeson et al 2004 Malawi cc Flow cyto. cs2 54 ¢ 1.26(0.32,4.96)°  100.00

100.00
Staalsoe et al 2001 Cameroon (Ebolowa) ¢S Flow cyto. Palo Alto 58 & 0.78 (0.08, 7158)b 4.67
Staalsoe et al 2001 Cameroon (Yaounde) CS Flow cyto. Palo Alto 45 : 4.50 (0.84, 23.98)b 8.74
Staalsoe et al 2004 Kenya cs Flow cyto. EJ24 247 —‘— 2.92(1.72,4.97) 86.59
Subtotal (I-squared = 0.0%, p = 0.465) - 2.85 (1.74, 4.68) 100.00
Functional responses to pRBC
Beeson et al 2004 Malawi cC Agglutination CS2 54 7.48 (2.15, 26.01)a
Beeson et al 2004 Malawi cC CSA adhes. inhib  CS2 24 ¢ 2.50(0.36, 17.32)a
Duffy & Fried 2003 Kenya cS CSA adhes. inhib plac. isolate 123 0.29(0.12,0.71)
VAR2CSA antigens
Babakhanyan et al 2014  Cameroon cc Multiplex FV2 464 ——— 7.42 (4.60, 11.95)°
Lloyd et al 2018 Cameroon cCc Multiplex FV2 981 —.— 2.59(1.89, 354)a
Babakhanyan et al 2014 Cameroon cC Multiplex ID1-1D2a 464 ——— 4.85 (3.07, 7.64)a
Fried et al 2018 Mali cs Multiplex ID1-1D2a 438 — — 1.65 (0.86, 3.18)°
Fried et al 2018 Mali cS Multiplex DBL2 438 ¢ 1.60 (0.65, 3.90)b
Fried et al 2018 Mali cs Multiplex DBL3 438 ‘ 2.56 (0.60, 1097)b
Fried et al 2018 Mali cs Multiplex DBL3-4 438 ¢ 2.61(0.78, 8.67)°
Fried et al 2018 Mali cs Multiplex DBL4 438 : 0.61 (0.20, 1A86)b
Fried et al 2018 Mali cs Multiplex DBL5 438 ¢ 235(0.31,17.96)°  6.50
Guitard et al 2008 Senegal cs ELISA DBL5 188 * 2.41(1.19, 4A86)b 48.42
MclLean et al 2017 PNG Cs ELISA DBLS 124 * 1.14 (0.55, 2.38)b 45.08
Subtotal (I-squared = 7.3%, p = 0.340) o 1.72 (1.02, 2.90) 100.00
NOTE: Weights are from random effects analysis

I I
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Study Country Design Abtime  Assay Antigen n RR (95% Cl)
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex ID1-1D2a 443 < 0.81 (0.46, 1.41)b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL2 443 < 0.69 (0.36, 133)b
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex DBL3 443 _ 0.52(0.25, 1.08)b
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex DBL3-4 443 ¢ 0.90 (0.42, 1.9].)b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL4 443 ¢ 0.62 (0.21, 1.81)b
Fried et al 2018 Mali cohort T1/T2/T3 Multiplex DBL5 443 < 0.84(0.22, 3A17)b
Guitard et al 2008 Senegal cohort T1/T2 ELISA DBL5S 188 < 1.20 (0.70, 2A07)b
| |
2 .5 2



Supplementary Figure 5. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and placental malaria in secundigravidae and multigravidae. A. Estimates
represent the odds of placental malaria in Ab responders compared to Ab non-responders, where
antibodies were measured at delivery (cross-sectional studies). B. Estimates represent the risk of
placental malaria in Ab responders compared to non-responders, where antibodies were measured
at time-points prior to delivery, as indicated (prospective studies). Estimates for McLean et al 2017
represent IgG3 responses, as total IgG was not available. Meta-analysis was only performed on
estimates where VAR2CSA antigen or functional assay (where applicable) and timing of antibody
determination were the same. aEstimate calculated by current authors from data in original publica-
tion; bpata supplied by original authors and estimate calculated by current authors. CC, case control;
CS, cross-sectional; CSA adhes. inhib., CSA adhesion inhibition assay; n, number of participants
included in estimate; OR, odds ratio; plac. isolate, placental isolate; pRBC, parasitized red blood cells;
RR, risk ratio; T1, first trimester; T2, second trimester; T3, third trimester.



A

Study Country Design Ab time Assay Antigen n OR (95% ClI) % Weight
pRBC
Cox et al 2005 Ghana cS T1/T2 Flow cyto. FCR3 89 fr—— 2.35(1.00, 5,52)a
Aitken et al 2010 Malawi cS T2 Flow cyto. Cs2 125 —— 0.91(0.27, 3.03)a
Cox et al 2005 Ghana cS T2/T3 Flow cyto. FCR3 72 ——— 1.53(0.47, 4,97)a
Staalsoe et al 2004 Kenya cS delivery Flow cyto. EJ24 136 ——— 3.08 (1.41, E':.76)a
VAR2CSA antigens
Fried et al 2018 Mali cS delivery Multiplex ID1-ID2a 152 ¢ 2.02 (0.64, E':.34)a
Gnidehou et al 2014 Colombia ccC T2/T3/delivery  ELISA ID1-1D2 15 e 1.10 (0.04, 33‘,43‘,8)a
Fried et al 2018 Mali cS delivery Multiplex DBL2 152 ¢ 2.04(0.43, 9.56)a
Fried et al 2018 Mali cS delivery Multiplex DBL3 152 ¢ 4.09 (0.51, 32442)a
Gnidehou et al 2014 Colombia ccC T2/T3/delivery  ELISA DBL3X 15 1 1.10 (0.04, 33438)a
Fried et al 2018 Mali cS delivery Multiplex DBL3-4 152 ¢ 1.44 (0.38, 5.46)a
Fried et al 2018 Mali cS delivery Multiplex DBL4 152 ¢ 3.38(0.19, 59464)a
Fried et al 2018 Mali cS delivery Multiplex DBL5 152 ¢ 3.38(0.19, 59464)a 21.57
MclLean et al 2017 PNG cS delivery ELISA DBL5 79 ¢ 1.37 (0.30, 6.16)a 78.43
Subtotal (I-squared = 0.0%, p = 0.585) — 1.66 (0.44, 6.31) 100.00
Gnidehou et al 2014 Colombia  CC T2/T3/delivery  ELISA DBL5 15 ¢ 3.92(0.14, 112.90)a
NOTE: Weights are from random effects analysis

1 1

1 5
Study Country Design  Abtime Pl time Assay Antigen n ES (95% Cl)
Cox et al 2005 Ghana RCT T1/T2 T2/T3 Flow cyto.  FCR3 78 _L_ 1.06 (0.43, 2457)a
Aitken et al 2010 Malawi RCT T2 T3 Flow cyto.  CS2 113 < 1.56 (0.09, 27.70)a
Aitken et al 2010 Malawi RCT T2 delivery Flow cyto. €S2 37 < 0.44 (0.02, 9A41)a
Fried et al 2018 Mali cohort  T1/T2/T3 delivery Multiplex  ID1-ID2a 156 ——— 0.48 (0.18, 1432)a
Fried et al 2018 Mali cohort  T1/T2/T3 delivery Multiplex  DBL2 156 & 0.55(0.18, 1.62)a
Fried et al 2018 Mali cohort  T1/T2/T3  delivery Multiplex  DBL3 156 ¢ 1.26 (0.37, 4.30)a
Fried et al 2018 Mali cohort  T1/T2/T3 delivery Multiplex  DBL3-4 156 ¢ 1.14 (0.34, 387)a
Fried et al 2018 Mali cohort  T1/T2/T3 delivery Multiplex DBL4 156 > 1.08 (0.15, 7459)a
Fowkes et al 2012 Thailand nCC Tl T1-delivery ELISA DBL5 76 $ 11.04 (2.87, 42.41)a
Fried et al 2018 Mali cohort  T1/T2/T3  delivery Multiplex  DBL5 156 < 0.64 (0.16, 259)a

NOTE: Weights are from random effects analysis




Supplementary Figure 6. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and peripheral parasitaemia in primigravidae. A. Estimates represent the
odds of peripheral P. falciparum parasitaemia in Ab responders compared to Ab non-responders,
where antibodies were measured at the same time point as parasitaemia (cross-sectional studies). B.
Estimates of peripheral P. falciparum parasitaemia in Ab responders compared to Ab non-responders,
were antibodies were measured at time-points prior to parasitaemia determination. Estimates for
RCT and cohort studies are risk ratios and estimate for the nested case control study is an odds ratio.
The timing of antibody and parasitaemia determination is indicated. Estimate for McLean et al 2017
represents IgG3 responders only as total IgG was not available. DBL5 estimates were only combined
when study design was the same. @Data supplied by original authors and estimate calculated by
current authors. CS, cross-sectional; ES, estimate; n, number of participants included in estimate;
Flow cyto., flow cytometry; nCC, nested case control; OR, odds ratio; Pl time, timing of determination
of parasitaemia; pRBC, parasitized red blood cells; RCT, randomized controlled trial; T1, first trimester;
T2, second trimester; T3, third trimester.



A

Study Country Design Ab time Assay Antigen n OR (95% CI) % Weight
Aitken et al 2010 Malawi cS T2 Flow cyto. €S2 381 ¢ 1.21(0.16, 9.50)a
Aitken et al 2010 Malawi cS T3 Flow cyto. CS2 64 $ 0.23(0.01, 6.41)a
Staalsoe et al 2004  Kenya cs delivery Flow cyto. EJ24 344 —— 2.36 (1.26, 4A42)a

Fried et al 2018 Mali cs delivery Multiplex  ID1-ID2a 438 e p— 0.94 (0.44, 2.02)a
Gnidehou et al 2014 Colombia cc T2/T3/delivery ELISA ID1-1D2 40 : 0.44 (0.07, 2A76)a

Fried et al 2018 Mali cs delivery Multiplex  DBL2 438 ——— — 1.43(0.48, 4.22)a

Fried et al 2018 Mali cS delivery Multiplex  DBL3 442 ¢ 3.51(0.47, 26.35)a
Gnidehou et al 2014 Colombia cC T2/T3/delivery ELISA DBL3X 40 @ ¢ 0.05 (0.00, 0.93)a

Fried et al 2018 Mali cs delivery Multiplex DBL3-4 438 ¢ 10.61 (0.64, 175.94)a
Fried et al 2018 Mali cS delivery Multiplex DBL4 438 —— 0.80(0.18, 3.59)a

Fried et al 2018 Mali cS delivery Multiplex  DBLS 438 : 1.36 (0.18, 10.57)a 23.73
Mcleanetal 2017  PNG cs delivery ELISA DBL5 124 ——— 1.16(0.37,3.63)° 76.27
Subtotal (I-squared = 0.0%, p = 0.892) -_T1 1.21(0.44,3.27)  100.00
Gnidehou et al 2014 Colombia cc T2/T3/delivery ELISA DBL5 40 : 0.12 (0.01, 1.18)a
NOTE: Weights are from random effects analysis

| | | |
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Study Country Design Abtime Pltime Assay Antigen n Etimate (95% Cl)

Aitken et al 2010 Malawi RCT T2 T3 Flow cyto. CS2 350 1.00 (0.06, 16.95)a

Aitken et al 2010 Malawi RCT T2 delivery Flow cyto. CS2 77 € > 0.20 (0.01, 3.27)a

Fried et al 2018 Mali cohort T1/T2/T3 delivery Multiplex ID1-1D2a 440 e 0.75(0.37, 1.52)a

Fried et al 2018 Mali cohort T1/T2/T3 delivery  Multiplex DBL2 440 — e — 0.73(0.31,1.72)°

Fried et al 2018 Mali cohort T1/T2/T3 delivery Multiplex DBL3 440 —— e 0.80 (0.26, 2.52)a

Fried et al 2018 Mali cohort T1/T2/T3 delivery Multiplex DBL3-4 440 & 1.39(0.44, 4.45)a

Fried et al 2018 Mali cohort T1/T2/T3 delivery Multiplex DBL4 440 < 1.17 (0.17, &06)a

Fowkes et al 2012 Thailand nCC Tl T1-delivery ELISA DBL5 364 —— 6.97 (3.42, 14,23)al

Fried et al 2018 Mali cohort T1/T2/T3 delivery Multiplex DBLS 440 1.02 (0.15, 7IJ2)a

| | | |
2 5 1 2 5



Supplementary Figure 7. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and peripheral parasitaemia in secundigravidae and multigravidae. A.
Estimates represent the odds of peripheral P. falciparum parasitaemia in Ab responders compared to
Ab non-responders, where antibodies were measured at the same time point as parasitaemia (cross-
sectional studies). B. Estimates of peripheral P. falciparum parasitaemia in Ab responders compared
to Ab non-responders, were antibodies were measured at time-points prior to parasitaemia determi-
nation. Estimates for RCT and cohort studies are risk ratios and estimate for the nested case control
study is an odds ratio. The timing of antibody and parasitaemia determination is indicated. Estimate
for McLean et al 2017 represents IgG3 responders only as total IgG was not available. DBL5 estimates
were only combined when study design was the same. @Data supplied by original authors and
estimate calculated by current authors. CC, case control; CS, cross-sectional; ES, estimate; n, number
of participants included in estimate; Flow cyto., flow cytometry; nCC, nested case control; OR, odds
ratio; Pl time, timing of determination of parasitaemia; pRBC, parasitized red blood cells; RCT, rand-
omized controlled trial; T1, first trimester; T2, second trimester; T3, third trimester.



Study Country  Design  Assay Antigen n OR (95% Cl)
pRBC
Staalsoe et al 2004 Kenya cs Flow cytometry EJ24 136 0.69 (0.31, 1.54)a
Functional responses to pRBC
Duffy & Fried 2003 Kenya cS CSA adhesion inhib. plac. isolate 47 g 3.15(0.11, 8927)a
VAR2CSA antigens
Fried et al 2018 Mali cs Multiplex ID1-ID2a 135 —— 1.78 (0.77, 4.09)a
Fried et al 2018 Mali cs Multiplex DBL2 135 —— 1.31(0.48, 3.56)a
Fried et al 2018 Mali cs Multiplex DBL3 135 — 2.14 (0.68, 6.69)°
Fried et al 2018 Mali cs Multiplex DBL3-4 135 —— 1.51 (0.56, 4.08)°
Fried et al 2018 Mali cs Multiplex DBL4 135 ——— 0.58 (0.16, 2.04)°
Fried et al 2018 Mali cs Multiplex DBLS 135 3 9.25(0.54, 159.82)°
|
2
Study Country  Design  Abtime Assay Antigen n RR (95% Cl)
pRBC
Aitken et al 2010 Malawi RCT T2 Flow cyto. €S2 107 * 2.21(0.32, 15A46)a
Aitken et al 2010 Malawi RCT T3 Flow cyto. €S2 22 1.00 (0.05, 21.42)a
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex ID1-1D2a 141 < 3.13 (1.28, 7.66)a
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex — DBL2 141 9 1.45 (0.56, 3,79)3
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3 141 ¢ 1.92 (0.79, 4.63)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3-4 141 9 2.23(0.84, 5.93)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL4 141 < 1.47 (0.40, 5.48)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL5 141 < 1.86 (0.49, 7.05)a




Supplementary Figure 8. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and low birthweight in primigravidae. A. Estimates represent the odds of low
birthweight birth in Ab responders compared with Ab non-responders, where antibodies were meas-
ured at delivery (cross-sectional studies). B. Estimates represent the risk of low birthweight birth in
Ab responders compared with Ab non-responders, where antibodies were measured at time-points
prior to delivery, as indicated (prospective studies). @Data supplied by original authors and estimate
calculated by current authors. CC, case-control; CS, cross-sectional; n, number of participants
included in estimate; OR, odds ratio; pRBC, parasitized red blood cells; RCT, randomized controlled
trial; RR, risk ratio; T1, first trimester; T2, second trimester; T3, third trimester.



A

Study Country Design  Assay Antigen n ES (95% ClI) % Weight
pRBC
Staalsoe et al 2004  Kenya [ Flow cyto. EJ24 344 —_— 0.87 (0.54, 1.41)a 74.81
Teo et al 2014 Malawi  CS Flow cyto. Cs2 332 2 0.50 (0.20, 1422)b 25.19
Subtotal (I-squared = 11.1%, p = 0.289) o 0.76 (0.47,1.21)  100.00
Functional responses to pRBC
Duffy & Fried 2003 Kenya [ CSA adhes. inhib. plac. isolate 123 < ¢ 0.15 (0.03, 0A67)a
VAR2CSA antigens
Fried et al 2018 Mali cs Multiplex ID1-ID2a 410 —— 1.01(0.49, 2.08)°
Fried et al 2018 Mali cs Multiplex DBL2 410 < 2.24(0.66, 7.55)%
Fried et al 2018 Mali cS Multiplex DBL3 410 & 0.42 (0.16, 1.09)a
Fried et al 2018 Mali cs Multiplex DBL3-4 410 : 0.86 (0.32, 2432)a
Fried et al 2018 Mali Cs Multiplex DBL4 410 & 0.53(0.15, 1.90)a
Fried et al 2018 Mali cs Multiplex DBL5 410 4 0.39(0.10, 1.42)% 36.52
Teo et al 2014 Malawi  CS ELISA DBL5 332 * 1.10(0.52, 2A31)b 63.48
Subtotal (I-squared = 46.7%, p = 0.171) <> 0.75(0.28,2.02)  100.00
NOTE: Weights are from random effects analysis
| |
e 1 ]

Study Country  Design Ab time Assay Antigen n RR (95% ClI)
pRBC
Aitken et al 2010 Malawi cohort T2 Flow cyto.  CS2 346 ¢ 0.74 (0.10, 538)a
Aitken etal 2010  Malawi  cohort T3 Flow cyto.  CS2 63 ¢ 0.20 (0.03, 1.54)%
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex ID1-1D2a 418 e — 1.49 (0.72, E‘LOB)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL2 418 —— 0.90 (0.39, 21)8)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3 418 < 0.73(0.27, 1.95)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3-4 418 —— 0.96 (0.39, 2.36)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL4 418 < 0.47 (0.16, 1.37)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL5 418 ¢ 0.63(0.17, 2.39)a

| | |
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Supplementary Figure 9. Forest plot of the association between antibodies to pregnancy-associated
P. falciparum antigens and low birthweight in secundigravidae and multigravidae. A. Estimates
represent the odds of low birthweight birth in Ab responders compared with Ab non-responders,
where antibodies were measured at delivery (cross-sectional studies). B. Estimates represent the risk
of low birthweight birth in Ab responders compared with Ab non-responders, where antibodies were
measured at time-points prior to delivery, as indicated (prospective studies). @Data supplied by
original authors and estimate calculated by current authors. CC, case-control; CS, cross-sectional; ES,
estimate; n, number of participants included in estimate; pRBC, parasitized red blood cells; RCT,
randomized controlled trial; RR, risk ratio; T1, first trimester; T2, second trimester; T3, third trimester.



Study Country Design Abtime Testtime Assay Antigen Anaemia def. n ES (95% ClI)
Aitken et al 2010 Malawi CS T2 T2 Flow cyto. Cs2 Hb <110 g/I 125 —— 0.73 (0.26, 2,01)a
Aitken etal 2010  Malawi RCT T2 T3 Flow cyto. cs2 Hb<110g/l 116 ——— 0.76 (0.47, 1.24)2
Aitken et al 2010  Malawi CS T3 T3 Flow cyto. CS2 Hb<110g/l 23 < > 12.18 (0.57, 257.97)a
Staalsoe et al 2004 Kenya CS D D Flow cyto. EJ24 Hb <70 g/ 136 ———— 0.78 (0.28, 2.16)°
Duffy & Fried 2003 Kenya CS D D CSA adhes. inhib. plac. isolate Hb<110g/I 47 < 0.11 (0.00, 2.84)a
I I I I
2 5 1 2 5
Study Country Design Abtime Testtime Assay Antigen Anaemia def. n ES (95% CI)
Aitken et al 2010  Malawi CS T2 T2 Flaw cyto. CSs2 Hb<110g/l 383 < 1.57 (0.64, 3.88)a
Aitken etal 2010 Malawi RCT T2 T3 Flaw cyto. cs2 Hb <110g/l 356 - 4.45 (1.18, 16.73)2
Aitken et al 2010 Malawi CS T3 T3 Flow cyto. CSs2 Hb<110g/l 62.5 < < 0.44 (0.04, 4.74)a
Staalsoe et al 2004 Kenya CS D D Flow cyto. EJ24 Hb <70g/I 344 ——— — 1.19 (0.65, 2.20)2I
Duffy & Fried 2003 Kenya cS D D CSA adhes. inhib. plac. isolate Hb <110 g/l 123 < 1.25 (0.44, 3.55)a
I I I I
2 5 1 2 5

Supplementary Figure 10. Forest plot of the association between antibodies to pregnancy-
associated P. falciparum antigens and anaemia in primigravidae (A) and secundigravidae and
multigravidae (B). Estimates represent the odds (CS and CC studies) or risk (RCT) of anaemia or
severe anaemia, as defined in individual publications, in Ab responders compared to Ab non-
responders. Timing of antibody determination (Ab time) and anaemia determination (Test time) are
as indicated. @Data supplied by original authors and estimate calculated by current authors; bEsti-
mate calculated by current authors from data in original publication. CS, cross-sectional; CSA adhes.
inhib., CSA adhesition inhibition assay; CC, case-control; ES, estimate; Flow cyto., flow cytometry; Hb,
haemoglobin; n, number of participants included in estimate; plac. isolate, placental isolate; PCV,
packed cell volume; RCT, randomized controlled trial; T2, second trimester; T3, third trimester.



Study Country  Design  Assay Antigen n OR (95% Cl)
Functional responses to pRBC
Duffy & Fried 2003  Kenya cS CSA adhesion inhib. plac. isolate 46 < 0.27 (0.01, 693)a
VAR2CSA antigens
Fried et al 2018 Mali cs Multiplex ID1-ID2a 135 —_——— 2.11(0.85, 5'23)3
Fried et al 2018 Mali cs Multiplex DBL2 135 —_—— 1.77 (0.56, 5.61)°
Fried et al 2018 Mali cs Multiplex DBL3 135 & 1.16 (0.40, 3.42)%
Fried et al 2018 Mali cs Multiplex DBL3-4 135 [ 1.11 (0.40, 3A06)a
Fried et al 2018 Mali cs Multiplex DBL4 135 0.69 (0.18, 2.74)°
Fried et al 2018 Mali cs Multiplex DBLS 135 <& 3.05(0.38, 24.52)2
]
1 2
Study Country  Design Ab time Assay Antigen n RR (95% Cl)
pRBC
Aitken et al 2010 Malawi RCT T2 Flow cyto.  CS2 125 0.95 (0.31, 233)a
Aitken et al 2010 Malawi RCT T3 Flow cyto.  CS2 24 0.53 (0.06, 4470)3
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex ID1-1D2a 141 > 2.53(1.01, 6431)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL2 141 g 1.65 (0.54, 5A08)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3 141 g 2.03(0.75, 551)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3-4 141 * 1.82(0.67, 4.91)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL4 141 g 1.22(0.32, 4,582
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL5 141 < 1.54 (0.40, 5.90)a




Supplementary Figure 11. Forest plot of the association between antibodies to pregnancy-
associated P. falciparum antigens and preterm birth in primigravidae. A. Estimates represent the
odds of preterm birth in Ab responders compared to Ab non-responders, where antibodies were
measured at delivery (cross-sectional studies). B. Estimates represent the risk of preterm birth in Ab
responders compared to non-responders, where antibodies were measured at time-points prior to
delivery, as indicated (prospective studies). Meta-analysis was not performed as antigens differed
between studies @Data supplied by original authors and estimate calculated by current authors. CC,
case control; CS, cross-sectional; CSA adhesion inhib., CSA adhesion inhibition assay; Flow cyto., flow
cytometry; n, number of participants included in estimate; OR, odds ratio; plac. isolate, placental
isolate; pRBC, parasitized red blood cells; RCT, randomized controlled trial; RR, risk ratio; T1, first
trimester; T2, second trimester; T3, third trimester.



Study Country  Design  Assay Antigen n OR (95% ClI)
Functional responses to pRBC
Duffy & Fried 2003  Kenya cs CSA adhesion inhib. plac. isolate 120 & 0.33(0.13, 0.81)a
VAR2CSA antigens
Fried et al 2018 Mali cs Multiplex ID1-1D2a 411 > 1.10 (0.39, 3.09)2
Fried et al 2018 Mali cs Multiplex DBL2 411 ) 3.34(0.43, 25.72)%
Fried et al 2018 Mali cS Multiplex DBL3 411 <& 0.28 (0.09, 0.92)a
Fried et al 2018 Mali cs Multiplex DBL3-4 411 < 1.08 (0.24, 4.91)2
Fried et al 2018 Mali cS Multiplex DBL4 411 * 0.37 (0.08, ]..76)a
Fried et al 2018 Mali cs Multiplex DBL5 411 < 0.28 (0.06, 1.33)2
|
.5
Study Country  Design Ab time Assay Antigen n RR (95% CI)
pRBC
Aitken et al 2010  Malawi RCT T2 Flow cyto.  CS2 382 g 1.54 (0.40, 5.93)a
Aitken et al 2010 Malawi RCT T3 Flow cyto. €S2 66 * 0.45 (0.07, 2A83)a
VAR2CSA antigens
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex ID1-ID2a 415 > 1.37(0.53, 3.54)a
Fried et al 2018 Mali cohort  T1/T2/T3  Multiplex  DBL2 415 * 1.14 (0.34, 3A81)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL3 415 < 0.35(0.12, 0.98)a
Fried et al 2018 Mali cohort  T1/T2/T3 Multiplex DBL3-4 415 <+ 1.49 (0.35, 6.30)°
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL4 415 < 0.48 (0.12, 1.93)a
Fried et al 2018 Mali cohort T1/T2/T3  Multiplex DBL5 415 > 1.56 (0.10, 24.64)a




Supplementary Figure 12. Forest plot of the association between antibodies to pregnancy-
associated P. falciparum antigens and preterm birth in secundigravidae and multigravidae. A.
Estimates represent the odds of preterm birth in Ab responders compared to Ab non-responders,
where antibodies were measured at delivery (cross-sectional studies). B. Estimates represent the risk
of preterm birth in Ab responders compared to non-responders, where antibodies were measured at
time-points prior to delivery, as indicated (prospective studies). Meta-analysis was not performed as
antigens differed between studies @Data supplied by original authors and estimate calculated by
current authors. CC, case control; CS, cross-sectional; CSA adhesion inhib., CSA adhesion inhibition
assay; Flow cyto., flow cytometry; n, number of participants included in estimate; OR, odds ratio;
plac. isolate, placental isolate; pRBC, parasitized red blood cells; RCT, randomized controlled trial; RR,
risk ratio; T1, first trimester; T2, second trimester; T3, third trimester.
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