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Expected Duration of Adverse Pregnancy 
Outcomes After Zika Epidemic 

Technical Appendix 

Data 

Data were drawn from Brasil et al. (1) (Technical Appendix Table 1). We included cases 

of fetal loss in the first trimester (miscarriage) in the analysis but include sensitivity analysis on 

this in the Sensitivity Analysis on Inclusion of Miscarriages section. 

Zika Incidence 

Time series of the weekly number of Zika cases in each region were initially drawn from 

the supplement of Ferguson et al. (2) and then updated with more recent values by the same 

methods, i.e., transcribed from situation reports in each affected region. Data from Bahia are 

updated in line with surveillance reports. All values are provided in a public github repository 

(https://github.com/rozeggo/microcephaly_Brazil).  

Analysis Code 

All code for the analyses conducted here are provided in 

https://github.com/rozeggo/microcephaly_Brazil. 

Comparison of Fitted Model and Constant Risk 

We estimated the adverse pregnancy outcome (APO) risk function by fitting a linear 

model with binomial link function to the individual-level APO data using the R package “mgcv” 

and function “glm().” In the model, the intercept was estimated to be 0.6685 (SE 0.5163), and 

the estimated coefficient for risk for APO by week of gestation was 0.0360 (SE 0.0215). 

Although it has previously been suggested that there is a higher risk for Zika-associated adverse 
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https://github.com/rozeggo/microcephaly_Brazil)
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outcomes earlier in pregnancy, the performance of the linear model was not substantially better 

than a simpler model that assumed a constant risk across the whole pregnancy period (model 

with linear term had Akaike Information Criterion, AIC = 173.76; model with constant risk had 

AIC = 174.64). 

Using Case Data to Estimate Pregnancies with APO 

We first calculated total number of reported cases, C, during the epidemic: 

𝐶 =∑𝑐𝑡
𝑡

 

where ct is the number of cases reported in week t. We combined this value with the assumed 

proportion of cases that were reported, r, and the population size N to calculate the overall attack 

rate, A, for the population: 

𝐴 =
𝐶

𝑟𝑁
 

In our main analysis, we assumed r = 0.17, based on the estimated number of case-

women who attended health care facilities (C = 30,000), population size (N = 275,000) and 

postepidemic seroprevalence (A = 0.66) in the 2013–14 Zika outbreak in French Polynesia (3,4), 

but tested this assumption in a sensitivity analysis (see Sensitivity Analysis on Fraction of Cases 

Reported section. 

To estimate weekly expected number of pregnancies with APO, we estimated the 

probability that someone would have been infected during their pregnancy. For a woman who 

was 6 weeks pregnant in week t of the outbreak (we did not consider the earlier period of 

pregnancy because no APO data were available for this (Figure 1, panel A), the risk for APO, at, 

at t weeks was: 

𝑎𝑡 = ∑
𝑐𝑡
𝐶
𝑓(𝑗 − 𝑡 + 6)

𝑡+39−6

𝑗=𝑡

 

where f(x) denotes the risk for APO given infection in gestation week x, and we assume a 

gestation period of 39 weeks. These women would therefore be expected to give birth in week 

t+39–6. Finally we scaled the risk by the number of pregnant women expected each week; 
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because the birth rate was 14 per 1,000 in 2015 (5), we would expect (14  N)/(52  1,000) 

births per week. 

The calculations in the simulation study were performed in the same way, except with 

simulated trajectories for the number of cases over time. 

Sensitivity Analysis on Fraction of Cases Reported 

To determine the effect on our estimates of assuming 17% of Zika cases are reported, we 

also examined the findings when we assumed 40% of Zika cases are reported (Technical 

Appendix Figure 1). The overall number of pregnancies at risk for APO is lower, the time period 

of elevated risk is the same, and therefore the overall public health message is unchanged by this 

assumption (Technical Appendix Figure 2). 

Sensitivity Analysis on Inclusion of Miscarriages 

To test the effect of first trimester fetal loss (miscarriage in Brasil et al. [1]) we refitted 

the model with those 5 events excluded, and show the same results as in the main paper 

(Technical Appendix Table 2, Technical Appendix Figure 3). There is little effect on estimates: 

intercept = 0.2427 (SE 0.5538), week coefficient = 0.0206 (SE 0.0226). 
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Technical Appendix Table 1. Pregnancy and Zika virus APO data that include first-trimester fetal loss (miscarriage), Brazil, April 
2015–July 2017 

Week of gestation APO negative APO positive Total pregnancies 
6 1 2 3 
7 1 0 1 
8 0 2 2 
9 1 1 2 
10 2 1 3 
11 3 2 5 
12 0 2 2 
13 1 1 2 
14 2 3 5 
15 1 2 3 
16 2 1 3 
17 4 3 7 
18 3 3 6 
19 4 0 4 
20 2 1 3 
21 0 4 4 
22 2 4 6 
23 0 4 4 
24 1 4 5 
25 4 2 6 
26 5 3 8 
27 3 3 6 
28 2 0 2 
29 2 0 2 
30 4 1 5 
31 2 1 3 
32 4 1 5 
33 1 0 1 
34 2 2 4 
35 2 1 3 
36 1 1 2 
37 3 1 4 
38 1 1 2 
39 1 1 2 
Total 67 58 125 
*Data are from Brasil et al. (1). APO, adverse pregnancy outcome. 
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Technical Appendix Table 2. Pregnancy and Zika virus APO data that exclude first-trimester fetal loss (miscarriage), Brazil, April 
2015–July 2017 

Week of gestation APO negative APO positive Total pregnancies 
6 1 0 1 
7 1 0 1 
8 0 2 2 
9 1 0 1 
10 2 0 2 
11 3 1 4 
12 0 2 2 
13 1 1 2 
14 2 3 5 
15 1 2 3 
16 2 1 3 
17 4 3 7 
18 3 3 6 
19 4 0 4 
20 2 1 3 
21 0 4 4 
22 2 4 6 
23 0 4 4 
24 1 4 5 
25 4 2 6 
26 5 3 8 
27 3 3 6 
28 2 0 2 
29 2 0 2 
30 4 1 5 
31 2 1 3 
32 4 1 5 
33 1 0 1 
34 2 2 4 
35 2 1 3 
36 1 1 2 
37 3 1 4 
38 1 1 2 
39 1 1 2 
Total 67 53 120 
*Data are from Brasil et al. (1). APO, adverse pregnancy outcome. 
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Technical Appendix Figure 1. Model-derived number and duration of adverse pregnancy outcomes 

(APOs) assuming 40% of Zika cases are reported, Brazil, April 2015–July 2017. Red line shows expected 

number of Zika-associated APO births from the fitted model (Figure 1, panel A main text), with 95% CI 

given by the shaded region for an assumption of 40% of Zika cases reported. Dashed line shows fixed 

risk in first trimester only. Black line shows suspected Zika cases in different regions. We assume 40% of 

Zika infections are reported in this sensitivity analysis. Blue ticks mark weeks in which microcephaly 

cases were reported in each region. 
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Technical Appendix Figure 2. Expected temporal distribution of adverse pregnancy outcomes (APOs) 

under different hypothetical outbreak scenarios, Brazil, April 2015–July 2017. Black line shows Zika cases 

(left axis); red shows expected proportion of births with Zika-associated APO in subsequent weeks based 

on the 2 risk distributions in A (right axis). A) Short, single-peaked outbreak. B) Double-peaked outbreak. 

C) Biennial epidemics (i.e., a seasonal endemic state). We assume a population size of 1 million, that 

40% of Zika infections are reported, and a 50% attack rate during a 4-year period. APO, adverse 

pregnancy outcome. 
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Technical Appendix Figure 3. A) Comparison of findings with and without miscarriage (fetal loss in first 

trimester) as an adverse pregnancy outcome (APO), Brazil, April 2015–July 2017. Red line shows fit to 

data including miscarriages and blue excludes those APOs, with 95% CI given by the shaded region. 

Dashed line shows fixed risk in first trimester only. B–J) Black line shows suspected Zika cases in 

different regions; red lines show expected number of births with Zika-associated APO in subsequent 

weeks based on the blue fitted risk distribution in Technical Appendix Figure 3, panel A. Blue ticks mark 

weeks in which microcephaly cases were reported in each region. 
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