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ABSTRACT
Introduction Sub- Saharan Africa has the largest 
number of people with HIV, one of the most severe 
burdens of adverse birth outcomes globally and particular 
vulnerability to climate change. We examined associations 
between seasonality and adverse birth outcomes among 
women with and without HIV in a large geographically 
representative birth outcomes surveillance study in 
Botswana from 2015 to 2018.
Methods We evaluated stillbirth, preterm delivery, very 
preterm delivery, small for gestational age (SGA), very SGA, 
and combined endpoints of any adverse or severe birth 
outcome. We estimated the risk of each outcome by month 
and year of delivery, and adjusted risks ratios (ARRs) of 
outcomes during the early wet (1 November–15 January), 
late wet (16 January–31 March) and early dry (1 April–15 
July) seasons, compared with the late dry (16 July–31 
October) season. Analyses were conducted overall and 
separately by HIV status.
Results Among 73 178 women (24% with HIV), the risk of 
all adverse birth outcomes peaked in November–January 
and reached low points in September. Compared with the 
late dry season, the ARRs for any adverse birth outcome 
were 1.03 (95% CI 1.00 to 1.06) for the early dry season, 
1.08 (95% CI 1.04 to 1.11) for the early wet season 
and 1.07 (95% CI 1.03 to 1.10) for the late wet season. 
Comparing the early wet season to the late dry season, 
we found that ARRs for stillbirth and very preterm delivery 
were higher in women with HIV (1.23, 95% CI 0.96 to 
1.59, and 1.33, 95% CI 1.10 to 1.62, respectively) than in 
women without HIV (1.07, 95% CI 0.91 to 1.26, and 1.19, 
95% CI 1.04 to 1.36, respectively).
Conclusions We identified a modest association 
between seasonality and adverse birth outcomes in 
Botswana, which was greatest among women with 
HIV. Understanding seasonal patterns of adverse birth 
outcomes and the role of HIV status may allow for 
mitigation of their impact in the face of seasonal extremes 
related to climate change.

INTRODUCTION
Reducing preterm birth, small for gestational 
age (SGA) and stillbirths is a priority for the 
WHO and United Nations’ Every Newborn 

Action Plan.1 Small babies have the highest 
risk of death in utero, during the neonatal 
period and throughout early childhood, and 
preterm delivery is the leading cause of death 
among children under 5.1 The incidence of 
these adverse birth outcomes is extremely 
high in many sub- Saharan African countries. 
Small babies (preterm or SGA) in southern 
Asia and sub- Saharan Africa account for 
more than 80% of all newborn deaths glob-
ally.1 In Botswana, the risk of stillbirth is 3.3%; 
preterm delivery is 19.6%; and SGA is 13.5%,2 
and these risks are higher among the nearly 
one- quarter of women with HIV.2–12 Because 
the risk of adverse birth outcomes is elevated 
among women with HIV,2 identifying poten-
tial interventions in this population is of 
particularly high importance.

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ We use data from more than 70 000 women (24% 
with HIV) included in one of the largest birth out-
comes surveillance studies in sub- Saharan Africa, 
which captured  ~45% of all births in Botswana 
and >99% of all births at the included delivery hos-
pitals during the study period.

 ⇒ We evaluate whether the relationship between 
season of birth and adverse birth outcomes differs 
among women with and without HIV.

 ⇒ We summarise complex seasonal patterns across 
several years into four categories, which may not 
fully account for specific weather- related factors 
and which cannot be disentangled from agricultur-
al practices or other activities specific to these four 
seasons.

 ⇒ We are not able to evaluate seasonality of pregnancy 
loss occurring prior to 24 weeks of gestation.

 ⇒ Measurement error for preterm delivery and small 
for gestational age is possible, but not likely to be 
differential.
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Understanding seasonal birth patterns may help public 
health officials predict when adverse birth outcomes are 
likely to occur and may lead to interventions that can 
mitigate their impact. Numerous studies have assessed 
the relationship between season and adverse birth 
outcomes.13–21 These studies have typically focused on the 
seasonality of preterm birth and birth weight, whereas 
fewer studies have examined the relationship between 
season and less common adverse birth outcomes like 
stillbirth.22 Several small studies have been conducted in 
sub- Saharan Africa, where adverse birth outcomes may be 
more tightly linked to distinct rainy and dry seasons and 
related agricultural cycles,16 18 20 21 and one meta- analysis 
of studies conducted in East Africa found an increased 
risk of preterm birth during the rainy season.17 To our 
knowledge, no studies have assessed how the relationship 
between seasonality and adverse birth outcomes differs 
among women with HIV, a population at increased risk of 
adverse birth outcomes.

Here, we investigate the relationship between season of 
birth and adverse birth outcomes in Botswana. Botswana 
is a landlocked country in southern Africa with a semi-
arid climate, a short rainy season and a dry season char-
acterised by periodic drought. The country suffers from 
desertification and limited fresh water resources.23 We 
use data from more than 70 000 women included in one 
of the largest birth outcomes surveillance studies in sub- 
Saharan Africa over a 4- year period. We also evaluate 
whether the relationship between season of birth and 
adverse birth outcomes differs among women with and 
without HIV.

METHODS
Tsepamo study
This study used birth outcomes surveillance data from 
the ongoing Tsepamo Study in Botswana. Data collection 
methods have been described elsewhere.12 To summarise, 
data are abstracted from the maternity obstetric record 
(a record of antenatal care) at the time of delivery from 
all women delivering at selected hospitals throughout the 
country. Maternity ward nurses complete the obstetric 
records, and research assistants and nurses resolve errors 
or inconsistencies in the records. Tsepamo included eight 
sites (~45% of all births in Botswana) from August 2014 
to July 2018 and 18 sites (~72% of all births) from July 
2018 to March 2019. The surveillance study captures 
data on >99% of all births that take place at the included 
sites.12 24 In Botswana, approximately 95% of women 
deliver at a hospital.25

Information collected from the maternity obstetric 
record includes maternal demographic characteristics, 
medical history, diagnoses, hospitalisation and complica-
tions during pregnancy, medications prescribed during 
pregnancy, HIV history, and clinical information. Gesta-
tional age is documented by midwives at the time of 
delivery based on the estimated date of delivery (EDD). 
EDD is calculated at the first antenatal care visit using the 

reported last menstrual period (LMP) and confirmed by 
ultrasound when available. If the LMP date is unknown or 
suspected to be incorrect, fundal height measurements 
are used by the midwives to estimate gestational age.

Inclusion criteria
Women included in this analysis had at least one antenatal 
care visit within the first 24 weeks of pregnancy, delivered 
at or after 24 weeks of gestation, had a known HIV status 
and gave birth to a singleton between January 2015 and 
December 2018. We restricted our analyses to the eight 
delivery sites originally included in Tsepamo (two tertiary 
referral hospitals in Gaborone and Francistown and 
six district or primary- level hospitals chosen to create a 
geographically representative national surveillance system 
in Maun, Serowe, Molepolole, Selebi- Phikwe, Mahalapye 
and Ghanzi). Antenatal care is available free of charge in 
Botswana. All pregnant women are screened for HIV at 
their first antenatal care visit, and >95% of women receive 
antiretroviral therapy for prevention of mother- to- child 
transmission.26 Since 2016, Botswana’s HIV treatment 
guidelines have recommended antiretroviral therapy for 
all adults, including pregnant women.27

Exposure and outcomes
The exposures of interest in this study were calendar 
month, calendar year and season of delivery. Botswana 
has a 7- month dry season that typically lasts from April 
to October and a 5- month rainy season that spans 
November to March.28 We divided the seasons into early 
wet (1 November–15 January), late wet (16 January–31 
March), early dry (1 April–15 July) and late dry (16 
July–31 October) seasons to capture variation in weather 
with greater granularity.16 The reference season was the 
late dry period because the highest number of births took 
place during this time.

The outcomes of interest in this study were preterm 
delivery (<37 weeks of gestation), very preterm delivery 
(<32 weeks of gestation), SGA, very small for gestational 
age (VSGA) and stillbirth (fetal death ≥24 weeks with 
an Apgar score of 0, 0, 0). The combined endpoint of 
any adverse birth outcome included stillbirth, preterm 
delivery or SGA, and the combined endpoint of any 
severe adverse birth outcome included stillbirth, very 
preterm delivery or VSGA. SGA occurs when an infant’s 
birth weight (measured at delivery) falls below the 10th 
percentile according to the INTERGROWTH- 21st norms, 
and VSGA occurs when an infant’s birth weight falls below 
the third percentile.29 30

Statistical analysis
We conducted two primary analyses. First, we used line 
graphs to plot the risk (cumulative incidence) of each 
adverse birth outcome by calendar month of delivery 
and by calendar month and year of delivery, overall and 
separately by HIV status. Second, we estimated risk ratios 
and 95% CIs of each adverse birth outcome by season of 
delivery. To do so, we conducted a series of multivariable 
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log- binomial regression models (or Poisson models if 
the log- binomial models did not converge),31 adjusting 
for HIV status and the following maternal covariates that 
could be prognostic factors for the outcomes: age (<25, 
25–30 and ≥30 years or unknown), education (secondary 
education or higher, other or unknown), marital status 
(yes, no or unknown), occupation (salaried employment, 
other or unknown), parity (1 or more, 0 or unknown), 
smoking during pregnancy (yes, no or unknown), alcohol 
use during pregnancy (yes, no or unknown), history 
of stillbirth (yes, no or no prior pregnancy), history of 
preterm delivery (yes, no or no prior pregnancy) and year 
of delivery (2015, 2016, 2017 or 2018). Separate models 
were fit for all women, women with HIV only and women 
without HIV only. All models were run with and without 
adjustment for covariates. To evaluate effect modification 
by HIV status, we compared the risk ratios and 95% CIs 
obtained from models restricted to women with HIV only 
with those obtained from models restricted to women 
without HIV only.

Additional subgroup analyses were performed to eval-
uate effect modification by urban versus rural delivery 
sites. The two delivery sites in Gaborone and Francistown 
were classified as urban and the other six delivery sites 
were classified as rural. We estimated the risk of each 
adverse birth outcome by calendar month of delivery 
separately for urban and rural delivery sites, and esti-
mated adjusted risk ratios of each adverse birth outcome 
by season of delivery separately for urban and rural 
delivery sites. In sensitivity analyses, women with missing 
age, education, marital status, occupation or parity were 
excluded, and standard errors were adjusted for clus-
tering by delivery site. All analyses were conducted using 
R Statistical Software.

Patient and public involvement
Tsepamo data are collected retrospectively via anony-
mous chart abstraction. However, the Tsepamo study 
team seeks input from local partners, including the 
Botswana- Harvard Partnership and the Botswana Ministry 
of Health, when developing research questions, analysing 
findings and interpreting main results.

RESULTS
Of 95 518 women included in Tsepamo delivering at the 
eight delivery sites between 2015 and 2018, 73 178 met 
our eligibility criteria; 17 529 (24.0%) were women with 
HIV and 55 649 (76.0%) were women without HIV. Most 
women were unmarried (86.5%), had secondary educa-
tion or higher (92.7%), had other children (58.3%), and 
did not use alcohol (86.5%) or smoke (93.5%) during 
pregnancy. Over the 4- year study period, 21 823 births 
(1559/month/year) occurred in the early dry season, 
20 894 (1493/month/year) in the late dry season, 14 
488 (1449/month/year) in the early wet season and 15 
973 (1597/month/year) in the late wet season (table 1). 
Women were most likely to give birth in March (9.1%) 

and least likely to give birth in October (7.6%) and 
November (7.6%) (data not shown). Maternal charac-
teristics were similar by season of delivery, including 
age, marital status, educational attainment, employment 
status, parity, alcohol and tobacco use during pregnancy, 
and HIV status (table 1). Reported LMP was missing for 
9.1% of women and differed by more than 2 weeks from 
the EDD for 15.0% of women.

Figure 1 shows the risk of each adverse birth outcome 
by month of delivery, separately for each calendar year. 
The risk of each adverse birth outcome decreased each 
year from 2015 to 2018. The trends in adverse birth 
outcomes by month were fairly consistent across the 
calendar year, though there was a higher risk of SGA 
in October–November 2015 (19.2%) compared with 
the risk of SGA in October–November in 2016–2018 
(14.9%–17.5%).

Figure 2 shows the risk of each adverse birth outcome 
by month of delivery across all years, overall and sepa-
rately by HIV status. The lowest risk for any adverse birth 
outcome was in September (26.3%) and the highest risk 
was in January (31.1%). The lowest risk for any severe 
adverse birth outcome was also in September (9.0%) and 
the highest risk was in November (11.4%). Risks were 
higher among women with HIV than among women 
without HIV for all adverse birth outcomes and across 
all months. In general, trends in the risk of adverse birth 
outcome over calendar time were similar when comparing 
women with and without HIV, with one exception: the 
risk of adverse birth outcomes was higher in women with 
HIV, but lower in women without HIV, in May–June. 

Overall risks and risk ratios for each adverse birth 
outcome by season of delivery and HIV status are 
summarised in table 2. Risks were highest in the early wet 
season (1 November–15 January) for stillbirth (2.39%), 
preterm delivery (15.62%), very preterm delivery 
(3.98%), any adverse birth outcome (30.57%) and any 
severe adverse birth outcome (10.98%), whereas risks 
were highest in the late wet season (16 January–31 March) 
for SGA (16.85%) and VSGA (6.54%). Compared with 
the late dry season (16 July–31 October), the adjusted risk 
ratios for any adverse birth outcome were 1.03 (95% CI 
1.00 to 1.06) for the early dry season (1 April–15 July), 
1.08 (95% CI 1.04 to 1.11) for the early wet season (1 
November–15 January) and 1.07 (95% CI 1.03 to 1.10) 
for the late wet season (16 January–31 March). Compared 
with the late dry season (16 July–31 October), the adjusted 
risk ratios for any severe adverse birth outcome were 1.00 
(95% CI 0.94 to 1.06) for the early dry season (1 April–15 
July), 1.16 (95% CI 1.09 to 1.24) for the early wet season 
(1 November–15 January) and 1.11 (95% CI 1.05 to 
1.18) for the late wet season (16 January–31 March). The 
greatest difference for an individual outcome occurred 
for very preterm delivery; the adjusted risk ratio was 1.24 
(95% CI 1.11 to 1.38) when comparing the early wet 
season (1 November–15 January) with the late dry season 
(16 July–31 October).
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Adjusted risk ratios for stillbirth were higher among 
women with HIV compared with women without HIV 
when comparing the early dry season to the late dry 
season (1.23 (95% CI 0.97 to 1.54) among women with 
HIV and 1.00 (95% CI 0.87 to 1.17) among women 

without HIV) and when comparing the early wet season 
to the late dry season (1.23 (95% CI 0.96 to 1.59) among 
women with HIV and 1.07 (95% CI 0.91 to 1.26) among 
women without HIV) (table 3). Adjusted risk ratios for 
very preterm delivery were also higher among women 

Table 1 Demographic characteristics by season of delivery, Tsepamo 2015–2018

Total
n=73 178

Early dry
(1 April–15 July)
n=21 823
(1559/month/year)

Late dry
(16 July–31 October)
n=20 894 (1493/
month/year)

Early wet
(1 November–15 January)
n=14 488
(1449/month/year)

Late wet
(16 January–31 March)
n=15 973
(1597/month/year)

Characteristic, n (%)

Age (years)

  Under 25 29 897 (40.86) 8904 (40.80) 8603 (41.17) 5978 (41.26) 6412 (40.14)

  25 –<30 17 735 (24.24) 5338 (24.46) 5019 (24.02) 3481 (24.03) 3897 (24.40)

  30 and over 25 530 (34.89) 7577 (34.72) 7266 (34.78) 5026 (34.69) 5661 (35.44)

  Missing 16 (0.02) 4 (0.02) 6 (0.03) 3 (0.02) 3 (0.02)

Marital status

  Married 8190 (11.19) 2455 (11.25) 2323 (11.12) 1603 (11.06) 1809 (11.33)

  Singe/widowed/divorced 63 510 (86.79) 18 931 (86.75) 18 130 (86.77) 12 591 (86.91) 13 858 (86.76)

  Missing 1478 (2.02) 437 (2.00) 441 (2.11) 294 (2.03) 306 (1.92)

Education

  None/primary 4478 (6.12) 1361 (6.24) 1259 (6.03) 854 (5.89) 1004 (6.29)

  Secondary or tertiary 67 843 (92.71) 20 190 (92.52) 19 379 (92.75) 13 478 (93.03) 14 796 (92.63)

  Missing 857 (1.17) 272 (1.25) 256 (1.23) 156 (1.08) 173 (1.08)

Occupation

  Salaried 27 101 (37.03) 8068 (36.97) 7699 (36.85) 5352 (36.94) 5982 (37.45)

  None/housewife/student 43 921 (60.01) 13 126 (60.15) 12 640 (60.50) 8676 (59.88) 9479 (59.34)

  Missing 2156 (2.95) 629 (2.88) 555 (2.66) 460 (3.18) 512 (3.21)

Parity

  One or more 42 652 (58.29) 12 767 (58.50) 12 066 (57.75) 8358 (57.69) 9461 (59.23)

  None 30 477 (41.65) 9044 (41.44) 8812 (42.17) 6118 (42.23) 6503 (40.71)

  Missing 49 (0.07) 12 (0.05) 16 (0.08) 12 (0.08) 9 (0.06)

Alcohol

  Yes 6296 (8.60) 1925 (8.82) 1849 (8.85) 1232 (8.50) 1290 (8.08)

  No 63 279 (86.47) 18 761 (85.97) 18 020 (86.24) 12 537 (86.53) 13 961 (87.40)

  Missing 3603 (4.92) 1137 (5.21) 1025 (4.91) 719 (4.96) 722 (4.52)

Smoking

  Yes 1097 (1.50) 352 (1.61) 315 (1.51) 218 (1.50) 212 (1.33)

  No 68 444 (93.53) 20 323 (93.13) 19 545 (93.54) 13 548 (93.51) 15 028 (94.08)

  Missing 3637 (4.97) 1148 (5.26) 1034 (4.95) 722 (4.98) 733 (4.59)

History of stillbirth

  Yes 1246 (1.70) 363 (1.66) 377 (1.80) 246 (1.70) 260 (1.63)

  No 42 987 (58.74) 12 801 (58.66) 12 150 (58.15) 8491 (58.61) 9545 (59.76)

  No prior pregnancy 28 948 (39.56) 8659 (39.68) 8367 (40.04) 5751 (39.69) 6168 (38.62)

  History of preterm 
delivery

  Yes 2735 (3.74) 784 (3.59) 851 (4.07) 528 (3.64) 572 (3.58)

  No 41 156 (56.24) 12 280 (56.27) 11 580 (55.42) 8141 (56.19) 9155 (57.32)

  No prior pregnancy 29 287 (40.04) 8759 (40.14) 8463 (40.50) 5819 (40.16) 6246 (39.10)

HIV status

  Negative 55 649 (76.05) 16 633 (76.22) 15 945 (76.31) 11 089 (76.54) 11 982 (75.01)

  Positive 17 529 (23.95) 5190 (23.78) 4949 (23.69) 3399 (23.46) 3991 (24.99)
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with HIV compared with women without HIV when 
comparing the early wet season to the late dry season 
(1.33 (95% CI 1.10 to 1.62) among women with HIV and 
1.19 (95% CI 1.04 to 1.36) among women without HIV) 
(table 3). Adjusted risk ratios were similar for the other 
adverse birth outcomes when comparing women with 
and without HIV (table 3).

In general, risks in adverse birth outcomes were higher 
among women delivering at the two urban delivery sites 
(n=35 354) than among women delivering at the six rural 
delivery sites (n=37 824), and trends over calendar time 
were similar in both subgroups (online supplemental 
appendix figure 1). Adjusted risk ratios for stillbirth, VSGA 
and any severe adverse birth outcome were higher among 
women delivering at urban delivery sites compared with 
women delivering at rural delivery sites when comparing 

the early and late wet seasons to the late dry season, 
but similar for the other adverse birth outcomes when 
comparing women delivering at urban and rural delivery 
sites (online supplemental appendix table 1). Excluding 
the 4068 women with missing age, education, marital 
status, occupation, or parity and adjusting standard errors 
for clustering by delivery site did not materially change 
our estimates (online supplemental appendix table 2).

DISCUSSION
We used a large birth outcomes surveillance study in 
Botswana to investigate the risk of adverse birth outcomes 
by season of delivery and to explore effect modification 
by HIV status. We found variation in the overall number 
of deliveries and the risk of adverse birth outcomes by 

Figure 1 Risk of each adverse birth outcome by month and year of delivery, Tsepamo 2015–2018.

https://dx.doi.org/10.1136/bmjopen-2020-045882
https://dx.doi.org/10.1136/bmjopen-2020-045882
https://dx.doi.org/10.1136/bmjopen-2020-045882
https://dx.doi.org/10.1136/bmjopen-2020-045882
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month and season of delivery. The average monthly 
number of deliveries was lowest in the early wet season 
from 1 November to 15 January and highest in the late 
wet season from 16 January to 31 March, with the peak 
in March and trough in October–November. The risk of 
all adverse birth outcomes peaked in November–January 
during the early wet season and reached low points in 
September during the late dry season. These elevated 
risks were more pronounced in women with HIV for still-
birth and very preterm delivery.

Our findings are consistent with several studies 
conducted in sub- Saharan African countries that found 
higher birth weights in the dry season (and at the end of 
the harvest season32 33) and lower birth weights in the wet 
season,19 34 35 and with a meta- analysis of studies conducted 
in East Africa that found an increased risk of preterm 

birth during the wet season.17 In contrast, a small study 
in Zimbabwe found the odds of preterm birth in the early 
dry season were nearly three times the odds of preterm 
birth in the late wet season16; one study in the Gambia 
found divergent patterns in the seasonality of preterm 
birth and SGA with the risk of preterm birth peaking in 
July and October and the risk of SGA highest from August 
to December20; and a small study in South Africa found 
birth weight peaked in November and reached a trough 
in July and August.21

There are several potential explanations for the 
elevated risk of all adverse birth outcomes in the early 
wet season. First, the early wet season (1 November–15 
January) overlaps with the sowing season of major food 
crops in Botswana.28 Insufficient nutrition in the third 
trimester, a risk factor for stillbirth,36 37 low birth weight38 

Figure 2 Risk of each adverse birth outcome by month of delivery and HIV status, Tsepamo 2015–2018.
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and preterm delivery,39 may be more likely during these 
months if nutritious foods from the previous harvest are 
no longer or less readily available. Second, the early wet 
season overlaps with the holiday season in Botswana. 
Following the holidays in December, January is often 
marked by overcrowded and understaffed hospitals and 
increased financial insecurity. An increased risk of still-
birth in December and January could therefore reflect 

lack of available transportation to the hospital, under-
staffed hospitals or difficulty getting to the hospital due to 
reduced income, though we were not able to distinguish 
fresh versus macerated stillbirths reliably. Finally, high 
temperatures in the early wet season40 could contribute 
to an increased risk of preterm delivery (eg, by initiating 
labour through dehydration or inefficient thermoreg-
ulation or by triggering preterm premature rupture of 

Table 2 Absolute risks and unadjusted and adjusted risk ratios of adverse birth outcomes by season of delivery, Tsepamo 
2015–2018

Outcome
Total 
number*

Absolute
risk (%)

Unadjusted 
risk ratio 95% CI

Adjusted risk 
ratio† 95% CI

Stillbirth

Late dry (16 July–31 October) 448 2.14 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 497 2.28 1.06 0.94 to 1.21 1.07 0.94 to 1.21

Early wet (1 November–15 January) 346 2.39 1.11 0.97 to 1.28 1.12 0.97 to 1.28

Late wet (16 January–31 March) 342 2.14 1.00 0.87 to 1.15 1.00 0.87 to 1.15

Preterm delivery (<37 weeks)

Late dry (16 July–31 October) 3031 14.56 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 3311 15.17 1.05 1.00 to 1.09 1.05 1.00 to 1.10

Early wet (1 November–15 January) 2263 15.62 1.08 1.02 to 1.13 1.08 1.03 to 1.14

Late wet (16 January–31 March) 2486 15.56 1.07 1.02 to 1.13 1.08 1.02 to 1.13

Very preterm delivery (<32 weeks)

Late dry (16 July–31 October) 676 3.24 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 690 3.16 0.98 0.88 to 1.08 0.98 0.89 to 1.09

Early wet (1 November–15 January) 576 3.98 1.23 1.10 to 1.37 1.24 1.11 to 1.38

Late wet (16 January–31 March) 557 3.49 1.08 0.97 to 1.20 1.08 0.97 to 1.21

SGA (<10th percentile)

Late dry (16 July–31 October) 3228 15.58 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 3367 15.54 1.00 0.95 to 1.04 1.00 0.96 to 1.05

Early wet (1 November–15 January) 2382 16.61 1.07 1.02 to 1.12 1.07 1.02 to 1.12

Late wet (16 January–31 March) 2670 16.85 1.08 1.03 to 1.13 1.08 1.03 to 1.14

Very SGA (<3rd percentile)

Late Dry (16 July–31 October) 1192 5.75 1.00 Ref 1.00 REF

Early dry (1 April–15 July) 1189 5.49 0.95 0.88 to 1.03 0.96 0.88 to 1.03

Early wet (1 November–15 January) 933 6.50 1.13 1.04 to 1.23 1.13 1.04 to 1.23

Late wet (16 January–31 March) 1037 6.54 1.14 1.05 to 1.23 1.14 1.05 to 1.24

Any adverse outcome

Late Dry (16 July–31 October) 5918 28.52 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 6330 29.19 1.02 0.99 to 1.05 1.03 1.00 to 1.06

Early wet (1 November–15 January) 4388 30.57 1.07 1.04 to 1.11 1.08 1.04 to 1.11

Late wet (16 January–31 March) 4821 30.40 1.07 1.03 to 1.10 1.07 1.03 to 1.10

Any severe outcome

Late dry (16 July–31 October) 1979 9.54 1.00 Ref 1.00 Ref

Early dry (1 April–15 July) 2053 9.47 0.99 0.94 to 1.05 1.00 0.94 to 1.06

Early wet (1 November–15 January) 1576 10.98 1.15 1.08 to 1.23 1.16 1.09 to 1.24

Late wet (16 January–31 March) 1667 10.51 1.10 1.04 to 1.17 1.11 1.05 to 1.18

*5 women had missing data for stillbirth; 0 women had missing data for preterm delivery; and 610 women had missing data for SGA.
†Adjusted for age, marital status, education, occupation, parity, alcohol, smoking, history of preterm delivery, history of stillbirth, delivery year and 
HIV status.
SGA, small for gestational age.
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membranes) and stillbirth (eg, through lowering amni-
otic fluid volume, damage to or abruption of the placenta, 
or initiating preterm labour).41–43

The early dry season (1 April–15 July) overlaps with the 
harvest season of maize and sorghum, two major food 
crops in Botswana.28 We found lower risks of adverse birth 

Table 3 Absolute risks and adjusted risk ratios of adverse birth outcomes by season of delivery and HIV status, Tsepamo 
2015–2018

Outcome

Women with HIV Women without HIV

Absolute risk 
(%)

Adjusted risk 
ratio* 95% CI

Absolute risk 
(%)

Adjusted risk 
ratio* 95% CI

Stillbirth

Late dry (16 July–31 October) 2.55 1.00 Ref 2.02 1.00 Ref

Early dry (1 April–15 July) 3.08 1.23 0.97 to 1.54 2.03 1.00 0.87 to 1.17

Early wet (1 November–15 
January)

3.12 1.23 0.96 to 1.59 2.16 1.07 0.91 to 1.26

Late wet (16 Jan–31 March) 2.61 1.05 0.81 to 1.35 1.99 0.98 0.83 to 1.16

Preterm delivery (<37 weeks)

Late dry (16 July–31 October) 18.21 1.00 Ref 13.36 1.00 Ref

Early dry (1 April–15 July) 19.15 1.06 0.98 to 1.15 13.93 1.04 0.99 to 1.10

Early wet (1 November–15 
January)

19.95 1.10 1.00 to 1.20 14.29 1.07 1.01 to 1.14

Late wet (16 January–31 March) 19.22 1.07 0.98 to 1.16 14.35 1.08 1.01 to 1.14

Very preterm delivery (<32 weeks)

Late dry (16 July–31 October) 4.08 1.00 Ref 2.97 1.00 Ref

Early dry (1 April–15 July) 4.12 1.02 0.85 to 1.23 2.86 0.97 0.85 to 1.10

Early wet (1 November–15 
January)

5.44 1.33 1.10 to 1.62 3.53 1.19 1.04 to 1.36

Late wet (16 January–31 March) 4.23 1.06 0.86 to 1.29 3.24 1.10 0.96 to 1.25

SGA (<10th percentile)

Late dry (16 July–31 October) 19.59 1.00 Ref 14.34 1.00 Ref

Early dry (1 April–15 July) 20.99 1.07 0.99 to 1.16 13.84 0.97 0.92 to 1.02

Early wet (1 November–15 
January)

19.96 1.02 0.94 to 1.12 15.57 1.09 1.03 to 1.15

Late wet (16 January–31 March) 21.64 1.11 1.02 to 1.20 15.25 1.08 1.02 to 1.14

Very SGA (<3rd percentile)

Late dry (16 July–31 October) 7.76 1.00 Ref 5.13 1.00 Ref

Early dry (1 April–15 July) 8.21 1.06 0.93 to 1.21 4.64 0.91 0.82 to 1.00

Early wet (1 November–15 
January)

8.78 1.14 0.98 to 1.31 5.81 1.13 1.03 to 1.26

Late wet (16 January–31 March) 8.48 1.10 0.96 to 1.27 5.90 1.16 1.05 to 1.28

Any adverse outcome

Late dry (16 July–31 October) 35.50 1.00 Ref 26.35 1.00 Ref

Early dry (1 April–15 July) 37.50 1.06 1.00 to 1.12 26.59 1.01 0.98 to 1.05

Early wet (1 November–15 
January)

37.76 1.07 1.00 to 1.13 28.36 1.08 1.04 to 1.13

Late wet (16 January–31 March) 37.67 1.06 1.01 to 1.13 27.97 1.07 1.03 to 1.11

Any severe outcome

Late dry (16 July–31 October) 12.38 1.00 Ref 8.66 1.00 Ref

Early dry (1 April–15 July) 13.37 1.09 0.98 to 1.20 8.25 0.96 0.89 to 1.03

Early wet (1 November–15 
January)

14.44 1.17 1.05 to 1.31 9.92 1.16 1.07 to 1.25

Late wet (16 January–31 March) 13.01 1.06 0.95 to 1.18 9.68 1.14 1.05 to 1.22

*Adjusted for age, marital status, education, occupation, parity, alcohol, smoking, history of preterm delivery, history of stillbirth and delivery year.
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outcomes in the early and late dry seasons, which could 
suggest a link between the harvest season and improved 
birth outcomes. A possible explanation for this finding is 
that mothers have more access to nutritious food during 
this time. In low- income and middle- income countries 
that rely on local agriculture, birth weight tends to be 
highest at the beginning of the dry season, when crops 
are harvested; nutritious food is most plentiful; and phys-
ical labour is the least, maximising fetal growth during the 
last trimester when growth is most critical.34 The early and 
late dry seasons also overlap with seasonal influenza,44 a 
potential risk factor for adverse birth outcomes,45 though 
we found lower risk of adverse birth outcomes during 
these periods.

Single spikes in adverse birth outcomes that are not 
consistent across calendar years are more likely to be 
explained by outlier environmental events than by 
seasonal variation. In our study, we found an elevated risk 
of SGA in October of 2015. One potential explanation 
for this spike was a severe drought in Southern Africa in 
October–November 2014, during the early stages of the 
sowing season.46 Women conceiving following this unfa-
vourable growing season could have been at elevated risk 
of SGA, in particular, if the harvest season following the 
drought was extremely poor. However, our analysis was 
not designed to identify individual spikes in adverse birth 
outcomes (or whether spikes occur only in women with or 
without HIV), and studies are needed to investigate the 
link between drought and adverse pregnancy outcomes. 
Further, single spikes could also be attributed to random 
variation in the risk of adverse outcomes rather than envi-
ronmental factors.

The higher risk of all adverse birth outcomes among 
women with HIV compared with women without HIV has 
been described thoroughly in the literature.2–8 11 However, 
we also found stronger associations (larger risk ratios) 
between seasonality and severe adverse birth outcomes 
(stillbirth and very preterm delivery) among women with 
HIV, indicating that this population may be more suscep-
tible to environmental and nutritional factors that vary by 
season, or to seasonal variation in access to and quality 
of care. Further research is needed to identify low- cost 
and sustainable interventions that could reduce the risk 
of adverse birth outcomes in women with HIV. Because 
the risk of an adverse birth outcome is already high 
among women with HIV (35%), even modest decreases 
in risk can have substantial impacts. However, the 95% 
CIs around our estimates for these severe adverse birth 
outcomes in women with and without HIV were overlap-
ping, and the clinical significance of the larger risk ratios 
for women with HIV compared with women without 
HIV may be limited. Differences in risks and risk ratios 
of adverse birth outcomes stratified by urban versus rural 
delivery site could be explained by the urban delivery sites 
being primary referral hospitals that are more likely to 
serve women with pregnancy complications and women 
with HIV, or due to other differences in nutritional and 
environmental factors.

Our study had several additional limitations. We have 
summarised complex seasonal patterns across several 
years into four categories, which may not fully account 
for specific weather- related factors (such as temperature, 
rainfall or extreme weather events) and which cannot be 
disentangled from agricultural practices or other activi-
ties (eg, holiday periods) specific to these four seasons. 
We were not able to evaluate seasonality of pregnancy 
loss occurring prior to 24 weeks of gestation. While the 
increase in deliveries in the late wet season compared with 
the early wet season could indicate increased conception 
in the early dry season (three seasons prior to the late wet 
season), it could also indicate more early pregnancy loss 
in the late wet season (three seasons prior to the early 
wet season). We evaluated birth outcomes by month and 
season of delivery rather than by month and season of 
conception, but unique and distinct first trimester risks 
could provide alternate explanations for our findings 
that were not explored.13 Measurement error for preterm 
delivery and SGA was possible since gestational age was 
calculated using the recorded LMP date and maternity 
nurse assessment. However, it is unlikely that this error 
would be differential with respect to season of birth. Our 
study includes data from 4 years, but we were not able to 
ascertain whether a woman contributed to more than one 
pregnancy in the data. Finally, the goal of our study was to 
describe the seasonality of adverse birth outcomes among 
women with and without HIV. We did not set out to eval-
uate causal relationships, and our study was not designed 
to investigate potential climate- related interventions to 
reduce adverse birth outcomes.

To our knowledge, this is the first study to examine 
adverse birth outcomes by season of delivery and HIV 
status. Our finding that the risk of stillbirth was highest in 
December and January, during the early wet season, may 
be useful for public health officials to increase surveil-
lance and prevention efforts during this time of high risk. 
For example, the elevated stillbirth risk of 2.39% during 
the early wet season (compared with 2.14% during the 
late dry and late wet seasons) represents an excess of 36 
stillbirths (0.25% of 14 488 births) during the 4- year study 
period. This number could increase further if seasonal 
differences in weather conditions and nutritional status 
of pregnant women are driving our findings, as climate 
change is likely to promote greater heat exposure and 
food insecurity in Botswana.47 Future studies are needed 
to determine whether environmental, nutritional or 
infrastructure- related factors are driving the elevated risk 
of stillbirth (and other adverse birth outcomes) during 
these months so that appropriate interventions can be 
identified, and whether increasing hospital resources 
in high- risk periods may be warranted. In addition, our 
finding that the risk of all adverse birth outcomes was 
higher in the early and late wet season compared with 
the late dry season suggests that these events may increase 
or decrease, depending on regional variations in climate 
change during the coming years. All of these consider-
ations are of particular importance for southern Africa, 
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which has the largest number of women with HIV and is 
also a region especially vulnerable to the effects of global 
climate change.48 49
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