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Abstract objectives In many African countries, child mortality is higher in the rainy season than in the dry

season. We investigated the effect of season on child mortality by time periods, sex and age in rural

Guinea-Bissau.

methods Bandim health project follows children under-five in a health and demographic

surveillance system in rural Guinea-Bissau. We compared the mortality in the rainy season (June to

November) between 1990 and 2013 with the mortality in the dry season (December to May) in Cox

proportional hazards models providing rainy vs. dry season mortality rate ratios (r/d-mrr). Seasonal

effects were estimated in strata defined by time periods with different frequency of vaccination

campaigns, sex and age (<1 month, 1–11 months, 12–59 months). Verbal autopsies were interpreted

using InterVa-4 software.

results From 1990 to 2013, overall mortality was declined by almost two-thirds among 81 292

children (10 588 deaths). Mortality was 51% (95% ci: 45–58%) higher in the rainy season than in

the dry season throughout the study period. The seasonal difference increased significantly with age,

the r/d-mrr being 0.94 (0.86–1.03) among neonates, 1.57 (1.46–1.69) in post-neonatal infants and

1.83 (1.72–1.95) in under-five children (P for same effect <0.001). According to the InterVa, malaria

deaths were the main reason for the seasonal mortality difference, causing 50% of all deaths in the

rainy season, but only if the InterVa included season of death, making the argument self-

confirmatory.

conclusion The mortality declined throughout the study, yet rainy season continued to be

associated with 51% higher overall mortality.
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Introduction

The 4th Millennium Development Goal aimed to reduce

under-five child mortality by two-thirds between 1990

and 2015. In 2015, the decline had only reached 53%

[1]. Many countries, especially in Africa, still witness very

high child mortality levels. Guinea-Bissau in West Africa

is one of these countries with the fifth-highest infant mor-

tality in the world [2].

A seasonal pattern in mortality has been observed in

neighbouring countries to Guinea-Bissau [3, 4]. In urban

Guinea-Bissau from 1991 to 1996, child mortality was

15% (4–28%) higher during the rainy season (June to

November) than in the dry season (December to May)

[5], possibly due to seasonal fluctuations in the load of

infectious pathogens [6–9]. Presumably, the proportion of

season-dependent causes of death could differ in rural

and urban areas. Thus, the seasonal difference in mortal-

ity in rural areas might vary from urban areas.

In recent years, child health interventions such as oral

polio vaccine (OPV), vitamin A supplementation (VAS)

and measles vaccination campaigns have been provided

in Guinea-Bissau. The protective effect of VAS against

mortality seems to be stronger when VAS is administered

during the dry season [10, 11]; the same pattern has been

observed for measles vaccine [12]. The frequency of OPV

and/or VAS campaigns has increased over time: there

were no regular campaigns prior to February 1998,

annual campaigns from February 1998 to October 2005

and biannual campaigns since November 2005. Measles

vaccination campaigns have been conducted every 3 years

since 2006 [13].

The aims of this observational study were to describe

the seasonal variation in under-five child mortality by
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time period, sex and age group in rural Guinea-Bissau

from 1990 to 2013 and to compare the major causes of

death in the rainy season and the dry season.

Methods

Setting

Since 1990, Bandim health project (BHP) has maintained

a longitudinal health and demographic surveillance sys-

tem (HDSS) in the rural areas of Guinea-Bissau. Initially

surveillance covered five regions with a total of 100 vil-

lage clusters, 20 clusters selected in each region using the

methodology for the Expanded Programme on Immuniza-

tion surveys [14]. Each cluster comprised of 100 women

of fertile age and their children. In 2006, surveillance

was expanded to include 182 clusters in 10 regions. Visits

were conducted biannually by mobile teams throughout

the study.

Children are under surveillance from the date of regis-

tration, preferably before birth, until their fifth birthday

if they continue to stay in the study area. Pregnancies,

births, deaths and migrations are registered at every visit.

All children under surveillance who die or migrate out of

the study area have a date of death or date of migration

registered. Since 2005, a simple verbal autopsy (VA)

interview has been conducted with relatives for every

deceased child. Based on closed questions and open nar-

rative, the VA interview is performed by field assistants

and collects information on symptoms and events in the

period leading up to the death of the child.

Study population

All live-born children followed in the HDSS between

01.01.1990 and 31.12.2013 were included in this study.

Children contributed time at risk from the latest of either

date of birth or date of registration until their fifth birth-

day, date of migration, date of death or 31.12.2013,

whichever came first. The time at risk was split into rainy

season (1st of June–30th of November) and dry season

(1st of December–31st of May) to compute the mortality

rates (MR) for both seasons.

Statistical analyses

Mortality by season. Mortality rate ratios (MRR) for the

rainy season vs. the dry season were estimated in Cox

regression models using age as underlying timescale. The

analyses were stratified by time periods (no regular cam-

paigns (01.01.1990–01.02.1998), annual campaigns

(02.02.1998–18.11.2005) and biannual campaigns

(19.11.2005–31.12.2013)) (see overview of child health

interventions in Table S1). The analyses were additionally

stratified by sex and age groups: neonates (0–28 days),

post-neonatal infants (1–11 months) and older children

(1–4 years).

Estimates are presented crude and adjusted for birth

year (categorised into 5-year periods) and sex. All MRRs

were estimated in models stratified by village clusters.

Estimates are presented for both the 100 original clusters

(main text) and for all the clusters (Appendix S1), as 82

clusters were only surveyed from 2006. In additional

analyses, the effect of season was estimated in each

region. To investigate potential bias, sensitivity analyses

were executed by omitting children registered after birth

and 27 villages where more than 300 days passed

between two successive visits.

Verbal autopsies. VAs were interpreted using the com-

puter program InterVA version 4.RC1 (www.interva.net;

Ume�a University) to derive causes of death (Appendix S1).

As part of the required a priori probabilities, the malaria

prevalence was set to be high [15], and the HIV prevalence

was set to be low [16, 17]. A child was assigned up to three

causes of death each with a likelihood score (between 0

and 1) [18] and an indeterminate cause for the residual

fraction [19, 20]. Likelihood scores related to a particular

cause of death were then added within strata defined by

either season or season plus age to determine the propor-

tions within the strata. Additional InterVA analyses were

performed by leaving out the season variables in the

InterVA analyses to clarify how season of death influenced

the cause of death estimations. The malaria transmission

pattern in urban Guinea-Bissau has previously been

reported to change from an endemic pattern to an epidemic

pattern near 2011 [21]. We therefore also conducted

InterVA analyses separately for deaths between 2005 and

2010 and for deaths between 2011 and 2013, to investigate

whether the proportions of the causes of deaths changed

over time. All analyses were performed in STATA version

12 (StataCorp, College Station, TX).

Ethical considerations

The study does not include biologically or physically

invasive or potentially dangerous procedures. The collec-

tion of data by the mobile teams has been going on for

23 years at the request of the Ministry of Health.

Results

A total of 62 436 live-born children were included from

the original clusters; among these children, there were
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9670 deaths during 185 697 person-years (pyrs). If we

included all clusters, there were 81 292 children and

10 588 deaths during 233 011 pyrs.

Seasonal effects overall and by time period

There was a marked decline in mortality over the three

time periods, particularly from the second to the third:

the rainy season MR was 97 deaths per 1000 pyrs in the

first period (01.01.1990–01.02.1998), then declined to 72

in the second period (02.02.1998–18.11.2005) and to 36

in the third (19.11.2005–31.12.2013). Likewise, in the

dry season, the initial MR was 66, then declined to 51 in

the second period and to 25 in the third (Table 1).

In the original clusters, the overall MRR for rainy vs.

dry season remained similar over years; with the adjusted

MRRs being 1.54 (95% CI: 1.43–1.66), 1.47 (1.38–1.57)
and 1.50 (1.38–1.62) in the three periods (P = 0.64 for

interaction between season and time period) (Table 1).

The overall adjusted MRR for the rainy vs. the dry sea-

son was 1.51 (1.45–1.58). If the analysis was extended to

include all clusters, the absolute mortality was slightly

lower, but the relative difference between the rainy and

dry season was unchanged (Table S2).

Seasonal effects by sex

The mortality among boys was higher than among girls

in both seasons. Comparing the rainy season mortality

with dry season mortality for boys showed an adjusted

MRR of 1.45 (95% CI: 1.37–1.53), while the effect was

stronger for girls adjusted MRR: 1.59 (1.50–1.69)
(P = 0.02 for interaction between season and sex)

(Table 1). The sex-differential effect of season was

unchanged if the analysis was extended to include all

clusters (Table S2).

The seasonal difference between the two sexes was

especially pronounced for older children (1–4 years): the

MRR for girls was 1.97 (95% CI: 1.80–2.15); which dif-

fered significantly from that in boys (MRR: 1.72 (1.58–
1.87)) (P = 0.03 for interaction between season and sex

after infancy) (Table 2).

Seasonal effects in age groups

The adjusted MRR for the rainy vs. the dry season

among neonates was 0.94 (95% CI: 0.86–1.03). For both
post-neonatal infants and older children (1–4 years), the

rainy season was associated with an increase in mortality.

Post-neonatal infants had an adjusted MRR of 1.57

(95% CI: 1.46–1.69), while older children had an MRR

of 1.83 (95% CI: 1.72–1.95) (P < 0.001 for same effect

of rainy season in the three age groups) (Table 1). The

excess mortality in the rainy season was similar for chil-

dren aged 1–2 years (1.82 (1.69–1.95)) and children aged

3–4 years (1.86 (1.65–2.11)) (Data not shown).

Robustness of the results

The results were similar when all clusters were included

(Table S2 and S3) and not affected by excluding children

registered after birth or 27 villages, which could only be

visited once per year (data not shown). Although the

effect of season differed significantly between regions

(P = 0.005), the rainy season mortality was higher than

the dry season mortality in all regions. The seasonal dif-

ference in mortality was strongest in the two eastern

regions due to a stronger effect of season among the old-

est children (Table S4).

Causes of deaths

Interviews on cause of death were conducted for 85%

(3270/3840) of the deaths since 2005. The median time

between the date of death and the date of interview was

95 days. 70% (2335/3270) of the deaths occurred at

home; only 23% (753/3273) occurred at health facilities.

The remaining 6% occurred elsewhere (e.g. on the way

to the hospital or on a journey) or location of death was

unknown. None of these parameters differed by season

of death overall (Table S5) or by region (data not

shown).

The verbal autopsies suggested that among the main

causes of death, malaria varied the most between seasons.

The proportion of malaria deaths was much higher in the

rainy season (50%) than in the dry season (19%) (Fig-

ure 1). In contrast, the proportions of deaths due to diar-

rhoea, respiratory infections and the proportion of the

indeterminate causes of death were higher in the dry sea-

son (Figure 1). Malnutrition was rare (<6%) in all age

groups (Figure 2).

According to the InterVA, seasonal differences in cause

of death were limited to the post-neonatal period (Fig-

ure S2). If the season of death was not provided as an

input in the InterVA analyses, the seasonal difference

between the causes of death was greatly reduced (Fig-

ure 3). In this situation, around 60% of all deceased chil-

dren aged 1–4 years were estimated to be caused by

malaria in both rainy season and dry season. Although

the distribution of cause of death did not differ between

2005–2010 and 2011–2013 (Figure S1), the mortality

rate for older children (1–4 years) continued to fall

between 2005 and 2010 and between 2011 and 2013

(data not shown).
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Discussion

Main findings

During the study period (1990–2013), the mortality

rates in the BHP study area of rural Guinea-Bissau

declined by almost two-thirds in both seasons. The

decline was predominantly seen between the second

period (02.02.1998–18.11.2005) and third period

(19.11.2005–31.12.2013). The mortality rate was 51%

higher in the rainy season than in the dry season

throughout. The effect of season was most pronounced

in girls and in children aged 1–4 years. 50% of deaths

in the rainy season were classified to be due to malaria

vs. 19% in the dry season, but these figures were
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Figure 1 Causes of death by season since
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verbal autopsy consisting of insufficient
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program.
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Figure 2 Causes of death by age and season since 2005 (Classified by InterVA). Information on season of death was included in the
InterVA analyses. 18 children with a verbal autopsy consisting of insufficient information were excluded by the program.
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highly dependent on the assumptions fed into the

InterVA program.

Strengths and weaknesses

Data were collected in randomly selected village clusters

all over Guinea-Bissau. The number of children surveyed

and included in this study exceeded 80 000 making it

one of the largest studies on seasonal mortality. Season

as exposure is a fixed determinant as the timing and the

amount of precipitation have not changed over the years

[21]. The information on a child’s vital status is virtually

always possible to obtain by asking relatives or neigh-

bours in a village [22]. However, due to the nature of the

data collection, there may have been some misclassifica-

tion of deaths by season.

The information on deaths was based on follow-up of

already registered children and pregnancies; therefore, the

risk of missing a death was minimised. However, the reg-

istration may have been slightly less effective in the rainy

season because a few villages experienced flooded roads

and were inaccessible. There are indeed slightly fewer

person-years in the rainy season than the dry season for

the neonatal age group. However, the rates should not be

affected by this, and excluding children registered after

birth and children registered in villages, which could not

be visited during the rainy season, did not change the

results.

The verbal autopsies may be subject to recall bias and

the a priori probabilities for the different causes of death

encoded in the InterVA may not be representative of

rural Guinea-Bissau. Nevertheless, it has been shown that

the a priori probabilities could significantly be changed

internally in the InterVA program with no consequence

for the composition of the causes of death in the popula-

tion [23]. Thus, the causes of death estimated by the pro-

gram are deemed reliable, even though the a priori

probabilities in the program are not identical to the a pri-

ori probabilities in Guinea-Bissau.

Consistency with previous studies

A systematic review of several studies from Africa

demonstrated that rainy season was associated with

higher all-cause child mortality. This was observed in the

Gambia, Senegal, Ghana, Nigeria, Kenya, Tanzania and

Burkina Faso [24].

Seasonal differences of mortality have previously been

described by using 50 years of surveillance data from

neighbouring rural Gambia [4]. The findings corroborate

our study, with higher mortality for post-neonatal infants
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was excluded in the InterVA analyses. 18 children with a verbal autopsy consisting of insufficient information were excluded by the
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(odds: 1.53) and for children aged 1–4 years (odd: 2.59).

Furthermore, there was also a trend towards seasonal dif-

ference in mortality being more pronounced for girls than

for boys [4].

A generally higher mortality in the rainy season was

found to be due to higher incidence of malaria, malnutri-

tion, septicaemia, respiratory infections and diarrhoea in

the rainy season in other African countries [25, 26]. In

the present study, we also identified malaria as the pre-

dominant cause of death in the rainy season, but respira-

tory infections and diarrhoea were mainly causes of

death in the dry season. This was similar to a study from

Burkina Faso, which also used InterVA [19].

The proportion of deaths due to malaria in our study

seemed to be similar to an older study from Burkina

Faso, where malaria caused 52% of all the deaths in

under-five children in the rainy season and 35% in the

dry season [25]. This is surprisingly high as the preva-

lence of malaria has decreased in recent years throughout

Africa [27, 28]. The malaria incidence in urban Guinea-

Bissau changed around 2011 from an endemic pattern to

an epidemic pattern with peaks in October-November

and with almost no cases during the rest of the year for

children below 15 years [21]. It seems likely that a simi-

lar change in the malaria incidence also occurred concur-

rently in rural Guinea-Bissau. However, when separate

VA analyses were performed for the two periods 2005–
2010 and 2011–2013, there was no indication of a simi-

lar time-related change in the proportion of deaths due to

malaria (Figure S1). Also, the seasonal difference of the

malaria proportions disappeared when the season of

death was left out from the InterVA input; this indicates

that the malaria classification in InterVA is strongly

dependent on season of death. Thus the InterVA may

have overestimated the proportion of malaria deaths, and

our finding of a very high proportion of malaria

deaths in the rainy season should be interpreted with

great caution.

Interpretation

Fluctuations in pathogen load, malnutrition and contami-

nation of water supplies have been the most frequent

explanations for higher mortality in the rainy season [29–
31]. In addition to different pathogen loads, season may

also affect the immune system indirectly. Prior studies

from Guinea-Bissau have found a smaller thymus size

[32] and a lower CD4+/CD8+ T-lymphocytes ratio in the

rainy season [33]. A study from The Gambia showed

higher levels of lymphocytes, monocytes and platelets in

the rainy season [34]. These effects may in themselves be

disadvantageous in relation to mortality [32].

We found a significantly stronger effect of season for

girls than for boys from 1 to 4 years, although girls have

a lower mortality in both seasons. It could be speculated

that the higher MRR for the rainy vs. the dry season

among girls (1–4 years) is a product of sex-differential

susceptibility to diseases with different seasonal patterns.

If boys are more susceptible to death by diseases preva-

lent in the dry season, that may explain why the differ-

ence was less pronounced for boys than for girls. Data

suggest that boys are more often admitted with pneumo-

nia, also in areas with no sex-differential treatment [35],

which could lend some support to this explanation. How-

ever, the causes of the sex-differential seasonal mortality

patterns need to be further explored.

There was a tendency towards an increasing adverse

effect of rainy season during the study for children 1–
4 years. A worldwide study based on vital registration

data and verbal autopsies assigned the worldwide decline

in mortality mainly to a reduction in pneumonia and

diarrhoea and less to a reduction in malaria as the cause

of death among post-neonatal children [28]. Assuming

that these mortality changes were the same in rural Gui-

nea-Bissau, the reduction in pneumonia and diarrhoea

would have been predominant in the dry season and the

minor reduction in malaria would have been predomi-

nant in the rainy season. Thus, the relative difference

between the reductions in the causes of death would have

increased the adverse effect of the rainy season among

post-neonatal children. The VA reaching back to 2005

cannot substantiate a general decrease in pneumonia and

diarrhoea as there was no difference between 2005–2010
and 2011–2013. However, we cannot rule out that such

a change may have occurred prior to 2005.

In rural areas, the distance to health centres is often a

challenge; lack of money to pay for transportation and

flooded roads might complicate the situation further [36–
38]. However, the place of death did not differ by season

in our study. Nor did place of death vary by season when

stratified by region, and does therefore not explain the

stronger effect of season in the east of the country.

The decline in mortality over time periods was marked.

In prior publications, we have found mortality reducing

effects of the OPV (unpublished data), and measles vacci-

nation campaigns [39]. The coverage of the campaigns is

estimated to be higher than 80% in the capital (unpub-

lished data). In the rural areas, we would assume similar

high coverage, as the campaigns are conducted with out-

reach to the villages. Based on a prior study [39], we

speculate that vaccination campaigns may have been

some of the drivers of the fall in mortality. Previous stud-

ies have also reported that interventions have marked

sex-differential effects; for example, measles vaccination
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and measles campaigns have had the strongest beneficial

for girls [12, 13, 39], and OPV campaigns have had a

stronger beneficial effect for boys [39]. Although sex-dif-

ferential effects on childhood interventions could con-

tribute to the sex difference in mortality, it is beyond this

study to draw any firm conclusions on the contribution

hereof.

It is likely that other factors in rural Guinea-Bissau

generated the decline in child mortality, such as an

increase in malaria preventive measures [21]. Overall, the

broad diversity of health interventions in Guinea-Bissau

supports that many causes of death have been reduced

simultaneously. Economical and educational improve-

ments are also known to reduce child mortality [41, 42].

A global study from 1990 to 2013 has estimated the

effect of socioeconomic factors on the under-five child

mortality to be a 1.6% mortality reduction per 10%

increase in income per person and an 8.5% mortality

reduction per year increase in maternal schooling [43].

However, the increase in maternal schooling has been

limited in rural Guinea-Bissau. Among women giving

birth in 1992–1993, 87% had not attended school, and

in 2002–2003, this percentage was still 85% [44]. Never-

theless, there has been little measurable improvement in

the health care system, and during the same period, there

has been no decline in mortality of women of fertile age

[46]; hence, the explanation may be sought among inter-

ventions selectively affecting young children.

Implications

In conclusion, rainy season remains an important risk

factor for post-neonatal infant and child mortality in

Guinea-Bissau. Seasonal variations in infectious diseases

may constitute a great part of the explanation.

According to the VAs, a great proportion of the deaths

mainly in the rainy season are due to malaria. Although

the incidence of malaria may be overestimated, interven-

tions targeting malaria may still be important. Data from

urban Guinea-Bissau indicate that long-lasting insecti-

cide-treated bed nets (LLIN) may be the most efficient

malaria prophylaxis [21] with a payable cost [45], and

distributing LLINs has been a priority also in rural Gui-

nea-Bissau [46]. Furthermore, availability of rapid tests

and treatment at local health centres may have the poten-

tial to lower mortality.

The VAs indicate that diarrhoea is a common cause of

death in rural Guinea-Bissau. Diarrhoea is partly pre-

ventable and also treatable in remote areas by using rehy-

dration. Thus, attempts to communicate how to prevent

diarrhoea (in the radio [47]) and access to rehydration in

rural Guinea-Bissau could be cheap life-saving

interventions. Making the interventions available in the

health system does however not make any difference if

the heath facilities are not sought. Less than a quarter of

the deaths occurred in a health facility, and efforts to

increase the access to and use of the health system may

also be indicated.

While better availability of treatment for ill children

may lower mortality in both the rainy season and the dry

season, there may also be something to gain by optimis-

ing the timing of preventive health interventions and by

improving the understanding of how they may affect boys

and girls differently. Previous results have indicated that,

for example VAS and measles vaccination campaigns

may be more efficient if provided during the dry season.

More research on seasonal differences in childhood inter-

ventions and on their potential sex-differential effects is

encouraged.
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