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Summary
Background Using country-specific surveillance data to describe influenza epidemic activity could inform decisions 
on the timing of influenza vaccination. We analysed surveillance data from African countries to characterise the 
timing of seasonal influenza epidemics to inform national vaccination strategies. 

Methods We used publicly available sentinel data from African countries reporting to the WHO Global Influenza 
Surveillance and Response FluNet platform that had 3–10 years of data collected during 2010–19. We calculated a 
3-week moving proportion of samples positive for influenza virus and assessed epidemic timing using an aggregate 
average method. The start and end of each epidemic were defined as the first week when the proportion of positive 
samples exceeded or went below the annual mean, respectively, for at least 3 consecutive weeks. We categorised 
countries into five epidemic patterns: northern hemisphere-dominant, with epidemics occurring in October–March; 
southern hemisphere-dominant, with epidemics occurring in April–September; primarily northern hemisphere with 
some epidemic activity in southern hemisphere months; primarily southern hemisphere with some epidemic activity 
in northern hemisphere months; and year-round influenza transmission without a discernible northern hemisphere 
or southern hemisphere predominance (no clear pattern). 

Findings Of the 34 countries reporting data to FluNet, 25 had at least 3 years of data, representing 46% of the countries 
in Africa and 89% of Africa’s population. Study countries reported RT-PCR respiratory virus results for a total of 
503 609 specimens (median 12 971 [IQR 9607–20 960] per country-year), of which 74 001 (15%; median 2078 
[IQR 1087–3008] per country-year) were positive for influenza viruses. 248 epidemics occurred across 236 country-
years of data (median 10 [range 7–10] per country). Six (24%) countries had a northern hemisphere pattern (Algeria, 
Burkina Faso, Egypt, Morocco, Niger, and Tunisia). Eight (32%) had a primarily northern hemisphere pattern with 
some southern hemisphere epidemics (Cameroon, Ethiopia, Mali, Mozambique, Nigeria, Senegal, Tanzania, and 
Togo). Three (12%) had a primarily southern hemisphere pattern with some northern hemisphere epidemics (Ghana, 
Kenya, and Uganda). Three (12%) had a southern hemisphere pattern (Central African Republic, South Africa, and 
Zambia). Five (20%) had no clear pattern (Côte d’Ivoire, DR Congo, Madagascar, Mauritius, and Rwanda). 

Interpretation Most countries had identifiable influenza epidemic periods that could be used to inform authorities of 
non-seasonal and seasonal influenza activity, guide vaccine timing, and promote timely interventions. 

Funding None.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license. 

Introduction
Influenza disease causes approximately 28 000–163 000 
deaths in Africa annually.1–3 Influenza vaccines remain 
the primary method to lower the risk of severe illness 
and mortality;4,5 however, few countries in Africa use 
influenza vaccines. While influenza vaccines and 
antivirals are available and accessible in some African 
countries, influenza-related policy data from the WHO–
UNICEF Joint Reporting Form show that only five (10%) 
of 47 African WHO member states have a national 
influenza immunisation policy (Algeria, Côte d’Ivoire, 
Kenya, Morocco, and South Africa).6 Of these five 
countries, only Morocco and Algeria target all WHO-
recommended groups at increased risk (ie, children 

aged ≤5 years, people with chronic illness, pregnant 
people, health-care workers, and older adults aged 
>65 years).7 

Ascertaining the appropriate vaccine formulation and 
epidemic timing are key to successful seasonal influenza 
vaccination and empirical antiviral treatment.8 However, 
assessing the timing of influenza activity can be 
challenging in tropical countries because epidemic activity 
can vary each year and might not align well with the 
traditional northern hemisphere (October–March) or 
southern hemisphere (April–September) epidemic 
patterns.9,10 The current WHO transmission zones that 
inform seasonal influenza vaccination are geographical 
groups of countries, areas, or territories that have been 
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defined to have similar influenza transmission patterns.11 
A modelling study of peak timing for influenza activity for 
125 countries found that 62% of northern hemisphere and 
53% of southern hemisphere tropical countries used 
vaccines that seemed out of phase with their dominant 
epidemic patterns.9 Using a long time-series of country-
specific surveillance data to model influenza epidemics, 
countries could improve decisions about which 
formulations to choose, when to vaccinate, and when to 
treat empirically with antivirals.8,12

Insufficient data in at least 22 of 48 WHO African 
region countries prevented their inclusion in previous 
analyses of influenza circulation using at least 90 weeks 
of data from 2011 to 2017.10,13 In 2005, global influenza 
surveillance garnered momentum after an upswell of 
global investments to strengthen national surveillance 
platforms and reporting to WHO.1,7 As a result, more 
surveillance data are now available to analyse patterns of 
influenza activity in countries across Africa.1 This 
analysis leverages data from these improved surveillance 
systems to identify and describe historical influenza 

epidemics, characterise typical yearly activity, and explore 
optimal times for interventions for countries in Africa. 

Methods
Data source
We analysed publicly available, laboratory-confirmed, 
national-level surveillance data for 2010–19 on severe acute 
respiratory infections (SARIs) and influenza-like illnesses 
(ILIs) from the WHO Global Influenza Surveillance and 
Response System (GISRS) FluNet data platform.14 We 
evaluated data from 34 WHO member states on the 
African continent (including the WHO African and 
Eastern Mediterranean regions) that report surveillance 
data to the global monitoring platform, and included the 
25 countries with at least 3 years of consecutive surveillance 
data in this analysis. Data were disaggregated by year, 
epidemiological week, number of specimens tested, and 
number of influenza-positive specimens. We described the 
cumulative number of specimens tested from cases of 
SARI and ILI and the number positive for influenza virus, 
as well as identifying epidemics and describing epidemic 

Research in context

Evidence before this study
We searched PubMed, MEDLINE, and Embase with no language 
restrictions for relevant studies that were published until 
Jan 19, 2023, using the search terms “(Influenza OR avian 
influenza OR influenzas OR respiratory virus*) AND (surveillance 
OR survey OR outbreak* OR epidemic* OR epidemiolog* OR 
trend* OR pattern*) OR (AB (surveillance OR survey OR 
outbreak* OR epidemic* OR epidemiolog* OR trend* OR 
pattern* OR Seasonality*)) AND LMICs (exp Africa/ OR exp 
“south and central America”/ OR exp Asia/*)”. We identified 
94 studies relevant for our analytical objectives and updated our 
literature review as relevant with manuscripts that were 
subsequently published and applicable to the analysis, of which 
six studies are summarised here. Although understanding the 
timing of influenza epidemics is useful in timing interventions, 
the last such analysis of the seasonality of influenza epidemics in 
Africa was based on data that were more than 5 years old, and 
46% of countries in Africa were not included. In 2014, a study 
sought to describe the timing and peak of influenza detection in 
125 countries. This study categorised countries by degree of 
seasonality (eg, minority, equivocal, and majority), but found it 
difficult to infer clear vaccination seasons for most tropical, 
mainly African, countries. In 2016, another WHO-led global 
study sought to describe and categorise influenza epidemics 
into a strict geographical paradigm for classifying northern and 
southern hemisphere vaccine formulation, but was unable to do 
so for 58% of the 14 African countries analysed. In 2021, 
another study attempted to classify influenza trends with data 
from 156 countries from 1996 to 2021, but could only partition 
region-specific trends and not national-level epidemics and 
transmission zones. In this study, we aim to fill these gaps in 
knowledge. 

Added value of this study
The extent and quality of influenza surveillance data reported by 
African countries to the Global Influenza Surveillance and 
Response network has improved substantially in the past 
decades. Our analysis of 10 years of high-quality laboratory-
confirmed influenza surveillance data from 25 African countries 
provides novel, policy-relevant information about when to 
anticipate and plan to mitigate influenza epidemics. We applied 
three WHO-endorsed analytical methods to investigate and 
categorise epidemic patterns into five groups: northern 
hemisphere-dominant (six countries), primarily northern 
hemisphere with some southern hemisphere (eight countries), 
southern hemisphere-dominant (three countries), primarily 
southern hemisphere with some northern hemisphere 
(three countries), and no clear pattern (five countries). This 
information can be used to recommend when to initiate 
vaccination campaigns with either northern or southern 
hemisphere influenza vaccine formulations, and when to treat 
empirically with antivirals. 

Implications of all the available evidence
Our description of influenza epidemics can help public health 
officials to better identify untimely viral activity as might occur 
during the emergence of a novel influenza virus. Our results can 
also help countries better choose which WHO influenza vaccine 
formulation seems most appropriate for use within their 
jurisdictions. Such a contribution can be useful to the several 
African countries currently investing in influenza vaccination 
programmes. Our findings can also help health officials to better 
time handwashing and respiratory hygiene campaigns, vaccine 
procurement and roll-outs, and empirical antiviral treatment, 
so that these interventions are deployed to optimal effect.
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patterns, including their onset, peak, and end, using three 
methods detailed below. 

Ascertaining influenza seasonality
Because there is no gold-standard method for ascertaining 
influenza seasonality, we used three published methods to 
identify influenza epidemics. First, we used the aggregate 
average method, which generates summary influenza 
epidemic curves by aggregating weekly data across years.15 
The aggregate average method can be considered as an 
extension of the WHO method for ascertaining seasonal 
trends, outlined in WHO’s 2013 Global Epidemiological 
Surveillance Standards for Influenza,16 which is the second 
method we used (hereafter referred to as the WHO 
method). The third method we used was the moving 
epidemic method.17 Although the methodology to 
calculate epidemic thresholds differs across methods, we 
defined epidemic thresholds as the proportional positivity 
above which a country is in an influenza season. We 
present our results based on the aggregate average 
method; however, all three methods are described and 
compared below. Results from the WHO and moving 
epidemic methods are included in appendix 9. 

The aggregate average method generates a summary 
curve by summing weekly data across years without 
requiring manual assessment and alignment of yearly 
peak influenza activity. With this method, we generated 
summary epidemic curves of all years with surveillance 
data for each country by first calculating the sum of 
influenza virus-positive specimens and the sum of total 
specimens tested for each epidemiological week, using 
the following formulas:

and

where n is the epidemiological week, x is the first year 
with available influenza surveillance data, y is the last 
year with available influenza surveillance data, p[n] is the 
number of influenza virus-positive specimens in week n, 
pn is the total number of influenza virus-positive 
specimens for week n in years x–y of influenza 
surveillance, s[n] is the number of specimens tested for 
influenza virus in week n, and sn is the total number of 
specimens tested for influenza virus for week n in 
years x–y of influenza surveillance.

We then calculated a centre-aligned 3-week moving 
influenza proportional positivity using the following 
formula:

where mn was the 3-week moving proportional positivity 
for week n=1 … 52. We defined p0=p52, s0=s52, p53=p1, and 

s53=s1 to account for the temporal continuity between 
years. We calculated 95% binomial proportion CIs for the 
3-week moving proportional positivity using the Wilson 
method. Weeks were excluded from smoothed analyses 
if the number of specimens tested for that week 
represented less than 0·1% of the total specimens tested 
during all 52 weeks, because of low confidence in 
proportional positivity data. We calculated the epidemic 
threshold as the mean of the 3-week moving proportional 
positivity across all 52 epidemiological weeks. We defined 
the onset of an epidemic or season as the first week when 
the weekly proportional positivity exceeded the annual 
mean influenza proportional positivity for at least 3 con
secutive weeks. The end of an epidemic or season was 
the first week when the weekly proportional positivity fell 
below the annual mean influenza proportional positivity 
and stayed below the annual mean for at least 3 con
secutive weeks. Influenza transmission peaks during a 
year were defined as the highest proportional positivity 
during the periods of time when proportional positivity 
was above the epidemic threshold. 

The WHO method generates an average epidemic 
curve for each country by aligning yearly influenza 
epidemic curves. It calculates proportional positivity 
followed by a 3-week moving proportional positivity for 
each week, and generates a yearly seasonal epidemic 
curve from these data. We identified the week with the 
highest proportional positivity for each surveillance year, 
calculated the median week of peak activity from these 
yearly peak proportional positivity data, and manually 
aligned yearly curves so that proportional positivity peaks 
aligned with the median week. We then generated a 
summary curve by calculating the average weekly 
proportional positivity across all surveillance years. 
Seasonal epidemic thresholds for summary epidemic 
curves were determined on the basis of the mean of 
weekly proportional positivity for all 52 epidemiological 
weeks for all years of data included in the study. The start, 
peak, and end of the epidemic season were calculated 
from these summary curves using the same definitions 
as those used for the aggregate average method. 

To ascertain influenza seasonality with the moving 
epidemic method, we used the moving epidemic 
method web application R4.1.0 v2.18 This method calcu
lates influenza baseline and epidemic thresholds by 
identifying pre-epidemic, epidemic, and post-epidemic 
periods from historical data. The epidemic threshold 
calculations in the moving epidemic method application 
were calculated as the upper limit of the 95% one-sided 
CI of the 30 highest pre-epidemic weekly proportional 
positivity values for that country. Medium, high, and 
very high intensity thresholds were estimated as the 
upper limits of the 40%, 90%, and 97·5% one-sided CIs 
of the geometric mean of the 30 highest epidemic 
weekly rates.17,19,20 To ensure comparability to the other 
two methods, we uploaded source data for each 
country separately, with precalculated 3-week moving 

See Online for appendix 9
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proportional positivity, to the moving epidemic method 
web application. We maintained all the predefined 
default settings of the moving epidemic method 
application and optimised the slope parameters to 
maximise the sensitivity and specificity of the epidemic 
thresholds. To optimise slope parameters, the moving 
epidemic method calculates the goodness of fit of the 
model and the optimal windows parameter for detecting 
the epidemic. For countries that showed more than one 
annual epidemic season, as ascertained by the aggregate 
average method or WHO method, we applied the appli
cation’s two-wave detection algorithm option. The start 
of the epidemic season was defined as the first week 
when weekly proportional positivity exceeded this 
calculated epidemic threshold. 

Describing dominant epidemic patterns
We used the summary curves from all three methods 
to describe dominant influenza seasonality patterns 

for each country. We categorised countries as having 
northern hemisphere-dominant patterns if their influ
enza epidemic period occurred during October–March, 
and southern hemisphere-dominant patterns if their 
epidemic period occurred during April–September. If a 
country had two epidemic periods, with one period 
during the northern hemisphere months and the other 
during the southern hemisphere months, the dominant 
pattern was assigned to the period that had the highest 
peak proportional positivity, while noting the occurrence 
of a second peak during the other period (ie, primarily 
southern hemisphere with some northern hemisphere, 
or primarily northern hemisphere with some southern 
hemisphere). Countries that had epidemic periods 
that bridged the northern hemisphere and southern 
hemisphere months were similarly classified as primarily 
southern hemisphere or northern hemisphere with 
some northern hemisphere or southern hemisphere, 
depending on how much of their epidemic periods 
occurred during northern hemisphere or southern 
hemisphere months. Countries whose influenza seasons 
occurred outside the typical northern hemisphere or 
southern hemisphere bounds and without a predominant 
pattern were labelled as having no clearly defined 
seasonality. Year-round activity was defined as influenza 
being detected and ascertained to be circulating 
throughout the year for at least 8 months. Out-of-season 
activity was defined as epidemics each year that occurred 
outside the dominant pattern for a country. 

Comparison of epidemic activity between methods
We compared the outputs from the three methods for 
each country’s dominant seasonality pattern to calculate 
concordance across methods. We tabulated the number 
of times each method found the same dominant pattern 
across two and all three methods, respectively, and 
calculated concordance by dividing this sum by the 
number of countries being assessed across all three 
methods. We also assessed concordance using Cohen’s κ 
coefficient as a measure of inter-rater agreement of 
epidemic patterns between each method. The κ scale 
ranges from 0 (amount of agreement to be expected by 
chance) to 1 (perfect agreement).21 

Role of the funding source
There was no funding source for this study. 

Results
We reviewed data from the 34 African countries that 
submit data to FluNet and excluded nine countries that 
had insufficient data to assess their influenza epidemic 
timing (three countries with <3 years of data from 
2010–19 and six countries that did not submit data to 
FluNet from 2010–19). The 25 countries included in our 
analysis represent 46% of the 54 countries in Africa and 
contain 1·1 billion (89%) of Africa’s total population of 
1·2 billion people. Of the included study countries, 

  Population, n 
(% of Africa)

Years of 
data*

Samples 
tested, n

Influenza 
positive, n 
(%)

Samples 
tested per 
100 000 
population

Epidemic 
threshold, 
%†

Algeria 43 851 043 (4%) 10 7020 2351 (33%) 16·009 22%

Burkina Faso 20 903 278 (2%) 8 4987 735 (15%) 23·858 13%

Cameroon 26 545 864 (2%) 10 18 804 3730 (20%) 70·836 18%

Central African 
Republic

4 829 764 (<1%) 9 9607 817 (9%) 198·912 8%

Côte d’Ivoire 26 378 275 (2%) 10 21 193 2985 (14%) 80·343 14%

DR Congo 89 561 404 (8%) 10 17 643 1426 (8%) 19·699 8%

Egypt 102 334 403 (9%) 10 82 895 12 489 (15%) 81·004 13%

Ethiopia 114 963 583 (10%) 8 5954 1284 (22%) 5·179 21%

Ghana 31 072 945 (3%) 10 39 256 5014 (13%) 126·335 13%

Kenya 53 771 300 (5%) 9 20 183 2775 (14%) 37·535 14%

Madagascar 27 691 019 (3%) 10 12 971 4403 (34%) 46·842 34%

Mali 20 250 834 (2%) 8 17 434 929 (5%) 86·090 6%

Mauritius 1 265 740 (<1%) 9 10 863 1400 (13%) 858·233 12%

Morocco 39 910 558 (4%) 10 10 228 2688 (26%) 25·627 14%

Mozambique 31 255 435 (3%) 7 4400 347 (8%) 14·078 7%

Niger 24 206 636 (2%) 9 7088 677 (10%) 29·281 8%

Nigeria 206 139 587 (19%) 10 12 368 1087 (9%) 6·000 9%

Tanzania 59 734 213 (5%) 10 20 960 2078 (10%) 35·089 10%

Rwanda 12 952 209 (1%) 10 10 147 601 (6%) 78·342 5%

Senegal 16 743 930 (2%) 10 35 442 6298 (18%) 211·671 14%

South Africa 59 308 690 (5%) 10 75 609 11 132 (15%) 127·484 11%

Togo 8 278 737 (1%) 9 7505 1664 (22%) 90·654 20%

Tunisia 11 818 618 (1%) 10 10 811 2353 (22%) 91·474 11%

Uganda 45 741 000 (4%) 10 22 940 3008 (13%) 50·152 13%

Zambia 18 383 956 (2%) 10 17 301 1730 (10%) 94·109 10%

*Number of complete years of surveillance data available. †Epidemic thresholds calculated using the aggregate average 
method.

Table 1: Influenza activity and hemisphere detection by season for 25 African countries
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Figure 1: Average influenza activity and seasonal thresholds for 25 African countries based on data from 2010 to 2019, according to the aggregate average 
method
Shaded areas are 95% CI.
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16 (64%) countries had all 10 study years of surveil
lance data, five (20%) countries had 9 years, and 
three (12%) countries had 8 years of influenza 
surveillance during 2010–19 (table 1). Study countries 
reported RT-PCR respiratory virus results for a 
cumulative total of 503 609 specimens (median 12 971 
[IQR 9607–20 960] per country-year), of which 74 001 
(15%; median 2078 [IQR 1087–3008]) were positive for 
influenza viruses. We identified 248 epidemics during 
the 236 country-years of data. 122 epidemics occurred in 
northern hemisphere months, 74 in southern hemi
sphere months, and 52 epidemics were between the 
northern and southern hemisphere months. We excluded 
38 (1·3%) of 3000 weeks, which represented less than 
0·001% of the yearly sampled specimens across all 
countries. We identified a clear northern hemisphere-
dominant or southern hemisphere-dominant epidemic 
period for nine (36%) of 25 countries. 16 (64%) countries 
consistently had one annual influenza epidemic and 

nine (36%) countries had multiple influenza epidemics 
per year during the study period (figure 1). We have also 
presented yearly data by proportional positivity and 
weekly samples tested per 100 000 people (appendix 9 
pp 2–3). Start, peak, and end months for primary and 
secondary influenza seasons and tertiary seasons where 
applicable in study countries are described in table 2. 
Epidemic thresholds ranged from 5% influenza-
positive specimens in Rwanda to 34% influenza-positive 
specimens in Madagascar. 

We also identified out-of-season epidemic periods in 
many countries (figure 2). Although most countries had 
clear epidemics consistently in the dominant epidemic 
season, some epidemics occurred outside of the dominant 
epidemic season. For example, we found Egypt to align 
with a northern hemisphere pattern, with a peak occurring 
every year during the northern hemisphere season. 
However, there were an additional 6 years with epidemics 
also occurring during the southern hemisphere season. 

Number 
of peaks

Season duration (months) Dominant season Secondary season Tertiary season Transmission zones

Dominant Secondary Tertiary Start Peak End Start Peak End Start Peak End Current WHO 
vaccination 
zones11 

Dominant 
epidemic 
pattern*

Algeria 1 4 ·· ·· Dec Feb April ·· ·· ·· ·· ·· ·· Northern NH

Burkina Faso 1 7 ·· ·· Oct Feb March ·· ·· ·· ·· ·· ·· Western NH

Egypt 1 7 ·· ·· Nov Dec May ·· ·· ·· ·· ·· ·· Northern NH

Morocco 1 5 ·· ·· Nov Feb March ·· ·· ·· ·· ·· ·· Northern NH

Niger 1 7 ·· ·· Sept Feb March ·· ·· ·· ·· ·· ·· Western NH 

Tunisia 1 5 ·· ·· Dec March April ·· ·· ·· ·· ·· ·· Northern NH

Cameroon 2 4 3 ·· Sept Nov Dec April April June ·· ·· ·· Middle NH (some SH)

Mozambique 3 3 3 1 Feb March April Oct Nov Dec Aug Aug Aug Eastern NH (some SH)

Ethiopia 2 7 1 ·· Oct Jan April Aug Aug Aug ·· ·· ·· Eastern NH (some SH)

Mali 2 3 3 ·· Jan Feb March Aug Oct Oct ·· ·· ·· Western NH (some SH)

Nigeria 2 5 3 ·· Aug Oct Dec Jan Feb March ·· ·· ·· Western NH (some SH)

Senegal 2 4 2 ·· Aug Oct Nov Feb March March ·· ·· ·· Western NH (some SH)

Togo 2 4 2 ·· Sept Oct Dec May June June ·· ·· ·· Western NH (some SH)

Tanzania 2 5 4 ·· Nov Dec March March April June ·· ·· ·· Eastern NH (some SH)

Kenya 3 5 2 2 Jan March May July Aug Aug Oct Nov Nov Eastern SH (some NH)

Uganda 1 6 ·· ·· July Aug Dec ·· ·· ·· ·· ·· ·· Eastern SH (some NH)

Ghana 2 4 3 ·· Sept Nov Dec June June Aug ·· ·· ·· Western SH (some NH)

Central African Republic 1 5 ·· ·· July Sept Nov ·· ·· ·· ·· ·· ·· Middle SH

South Africa 1 6 ·· ·· May June Oct ·· ·· ·· ·· ·· ·· Southern SH

Zambia 1 6 ·· ·· June Aug Nov ·· ·· ·· ·· ·· ·· Eastern SH 

Côte d’Ivoire  2 4 3 ·· Sept Nov Dec June June Aug ·· ·· ·· Western No clear pattern 

DR Congo 1 7 ·· ·· Dec Dec June ·· ·· ·· ·· ·· ·· Middle No clear pattern 

Rwanda 1 6 ·· ·· Feb May July ·· ·· ·· ·· ·· ·· Eastern No clear pattern 

Madagascar 1 8 ·· ·· Jan Feb Aug ·· ·· ·· ·· ·· ·· Eastern No clear pattern 

Mauritius 1 7 ·· ·· Jan Jan July ·· ·· ·· ·· ·· ·· Eastern No clear pattern 

NH=northern hemisphere. SH=southern hemisphere. *Generated with the aggregate average method.

Table 2: Start, peak, and end months of influenza seasons and dominant epidemic patterns for 25 African countries
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Overall, 106 (43%) of 248 epidemics occurred outside of 
the dominant epidemic season for 20 countries with 
identified seasonal patterns (figure 2). 

We identified five categories of epidemic pattern 
from our analysis using the aggregate average method 
(figure 3): northern hemisphere-dominant, primarily 
northern hemisphere with some southern hemisphere, 
primarily southern hemisphere with some northern 
hemisphere, southern hemisphere-dominant, and no 
clear pattern of southern or northern hemisphere 
epidemic activity. 

Six (24%) countries (Algeria, Burkina Faso, Egypt, 
Morocco, Niger, and Tunisia) aligned strongly with a 
northern hemisphere-dominant pattern of epidemic 
activity. On average, epidemic activity began in 
November (±1 month), peaked in February (±1 month), 
and ended in April (±1 month). Epidemic activity in 
these countries lasted a mean 6 months (SD 1). Countries 
in this cluster consistently had one distinct and 
dominant peak of influenza epidemic activity. 

Eight (32%) countries (Cameroon, Ethiopia, Mali, 
Mozambique, Nigeria, Senegal, Tanzania, and Togo) 
aligned primarily with the northern hemisphere epidemic 
pattern with some southern hemisphere epidemic 
activity. We detected bimodal (two peaks) and trimodal 
(three peaks) influenza epidemics in this subtropical 
group. The dominant epidemic typically began during 
northern hemisphere seasonal months and lasted a mean 
4 months (SD 1). The secondary epidemic typically began 
during southern hemisphere seasonal months and lasted 
a mean 3 months (SD 1). 

Three (12%) countries (Ghana, Kenya, and Uganda) 
aligned primarily with a southern hemisphere epidemic 
pattern with some northern hemisphere epidemic 
activity. Uganda had a single 6-month season beginning 
in June or July, peaking in August, and ending in 
November or December. Ghana had two seasons and 
Kenya had three seasons, which occurred primarily 
during southern hemisphere seasonal months (table 2). 
The dominant epidemic in these countries lasted a mean 
5 months (SD 1). 

Three (12%) countries (Central African Republic, 
South Africa, and Zambia) had a southern hemisphere-
dominant pattern of epidemic activity. Epidemics 
typically began in June and ended in October or 
November. Epidemic activity in these countries lasted a 
mean 5 months (SD 1).

Five (20%) countries (Côte d’Ivoire, DR Congo, 
Madagascar, Mauritius, and Rwanda) had both northern 
hemisphere and southern hemisphere epidemic activity, 
without a clear predominance between these two patterns. 
Epidemic activity in these countries lasted a mean 
7 months (SD 2). 

We compared the results from the analyses of epidemic 
patterns across all three methods (figure 1; appendix 9 
pp 4–5) to assess concordance of dominant patterns. 
16 (64%) countries (κ=0·2322, p=0·0027) were concordant 

between the WHO method and aggregate average 
method, 15 (60%) countries (κ=0·2274, p=0·0061) were 
concordant between the moving epidemic method and 
the WHO method, and 12 (48%) countries (κ=0·1905, 
p=0·0050) were concordant between the aggregate 
average method and moving epidemic method.

Discussion
We categorised and described the start, peak, and end of 
seasonal influenza activity for 25 countries covering 
89% of the population of Africa, based on these 
countries’ own surveillance data. Our analysis included 
13 additional countries in Africa where more data are 
now available compared with previous timeseries 
analyses to define influenza seasonality and when to 
vaccinate.10,13 We identified five predominant epidemic 
patterns, which could help public health officials better 
monitor influenza in groups of countries with similar 
epidemic patterns, differentiate typical versus atypical 
influenza activity, anticipate the start of epidemics, and 
time the launch of influenza prevention and control 
interventions. Although influenza epidemic patterns 
in northern and southern Africa predictably coincided 

Figure 2: Total number of epidemics within or outside of dominant or expected epidemic patterns in study 
countries* during 2010–19, according to the aggregate average method 
*Epidemics from countries with no clearly defined influenza epidemic pattern are not included.
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with northern hemisphere22 and southern hemisphere 
periods, some countries in subtropical and especially 
western and eastern Africa had less predictable epidemic 
patterns that did not neatly align with classical northern 
hemisphere or southern hemisphere patterns. Five 
countries had both northern hemisphere and southern 
hemisphere epidemics with some influenza detections 
during both periods, which is consistent with findings 
from previous attempts to describe seasonal patterns for 
Madagascar, Rwanda, and Mauritius.23 We also note 
between-country differences in the epidemic threshold, 
which was highest in Madagascar (34%) and lowest in 
Rwanda (5%), reflecting different influenza surveillance 
and testing strategies. Madagascar has a well established 
surveillance system and consistently collects influenza 
samples throughout the year, whereas Rwanda does not. 
For Rwanda, low proportions of influenza-positive 
specimens were observed overall.

The northern hemisphere versus southern hemisphere 
geographical paradigm for classification of predominance 

of influenza activity is imperfect, as it is largely defined 
by influenza trends in countries with temperate climates 
but might be less applicable to other climates.10 Our 
analysis showed that the standard northern hemisphere 
or southern hemisphere dichotomy might not describe 
influenza activity well in tropical and subtropical 
countries, not even in those with single annual 
epidemics. For instance, we identified that the Central 
African Republic generally had a distinct single epidemic 
each year from July to November, which starts in the 
middle of the southern hemisphere epidemic period and 
ends well into the start of the northern hemisphere 
epidemic period. In addition, Tanzania and Mozambique 
are geographically in the southern hemisphere, yet their 
influenza surveillance data suggest some epidemic 
activity in the northern hemisphere months. 

These findings have important implications for 
recommendations about which hemisphere vaccine 
formulation countries should purchase. Our findings 
suggest that countries could benefit from using dominant 

Northern hemisphere
Northern hemisphere (some southern hemisphere)
Southern hemisphere (some northern hemisphere)
Southern hemisphere
No clear pattern
No data
Not applicable
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Figure 3: Dominant influenza patterns during 2010–19, identified by the aggregate average method
Data are from FluNet. Map boundaries are based on WHO GIS Centre for Health data. Dotted lines represent approximate border lines for which there might not yet 
be full agreement.
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seasonal influenza patterns, ascertained through yearly 
surveillance data, to guide the choice of southern 
hemisphere versus northern hemisphere vaccine, rather 
than choosing on the basis of their geographical location 
or proximity to another country with a clearly defined 
season. Although it might be logistically and financially 
challenging, countries with multiple epidemics in a year 
could choose to use both northern hemisphere and 
southern hemisphere vaccine formulations, or to use the 
most recent vaccine formulation recommended at any 
time of the year.10,16 For example, in our analysis, Kenya 
had two distinct peaks of increased influenza activity and 
could invest in vaccine purchases on the basis of the 
dominant epidemic, rather than secondary waves, to 
maximise the effect of vaccine campaigns. In some 
tropical countries, however, the season started before the 
availability of the recommended vaccine formulation, 
making it difficult for countries to use that formulation to 
protect their populations against influenza in the weeks 
before the start of the influenza season. The growing 
ability to rely on surveillance data rather than geography 
to guide vaccine formulation decisions underscores 
the importance of strengthened year-round sentinel 
surveillance to generate evidence-based classifications of 
epidemic patterns. 

Subregional variability in influenza virus circulation, 
especially in the tropics, compounded by non-uniform 
weekly sampling across the year, as evident in Kenya,24 
makes it challenging to ascertain seasonality patterns 
for many countries. Moreover, despite numerous 
methodological approaches, no gold-standard method 
for ascertaining influenza epidemic activity exists.16,25 
Notably, countries that showed concordance of influenza 
epidemic patterns across all three methods had at least 
9 years of consistent surveillance data reported to 
WHO GISRS. Two of these countries had the longest-
established sentinel surveillance platforms in Africa: 
Madagascar (whose platform was established in 1978) 
and South Africa (1984).1 Nevertheless, all three methods 
used in this report present different strengths and 
weaknesses.

The aggregate average and WHO methods are similar 
in how the surveillance data are translated and examined, 
although the aggregate average method makes fewer 
underlying assumptions about what influenza epidemics 
in the tropics should look like. By aggregating proportional 
positivity over many years of data, the aggregate average 
method reduces the magnitude of epidemic peaks but 
extends the duration of seasons overall. The WHO and 
aggregate average methods were both useful for exploring 
data for countries with multiple peaks of increased 
influenza activity with some year-round activity, whereas 
the moving epidemic method had greater utility for 
countries with distinct single peak seasons. The moving 
epidemic method yielded consistent results when applied 
to countries with complete and robust surveillance data, 
whereas the WHO and aggregate average methods were 

useful for examining data for countries with less robust 
or complete data. The appropriateness of the moving 
epidemic method for some countries with less robust and 
complete surveillance data, including those with year-
round virus circulation or bimodal peaks, should be 
further investigated, given that influenza viruses change 
year to year and that surveillance capacities to detect and 
mitigate the effect of influenza disease vary by region. 
Our analysis does not portend that one method is superior 
to the other, but attests that completeness of surveillance 
data could factor into the choice of analytical methods 
applied to examine and accurately describe seasonal 
patterns to recommend vaccine timing. 

Identifying a gold-standard method for characterising 
influenza epidemic activity could be useful; however, 
given the variability of available and robust surveillance 
data,26 partner countries and research teams might 
consider applying methods for analyses that best suit the 
epidemic variability and local factors (eg, weather 
or migration).26 Our study findings suggest the value 
of strengthening influenza surveillance to identify 
epidemics in subtropical and tropical countries, such as 
those in Africa. These findings are updates to the ongoing 
discourse about the applicability of different approaches 
to re-examining national respiratory virus epidemic 
activity in the tropics. Other analytical methods—such as 
Wavelet, Serfling, or other time-series methods27–30—
could be explored for replicating the results of this study.

Our findings are subject to several limitations. First, we 
used national surveillance data for our analyses where 
sampling was not uniform across the year. While we used 
a 3-week moving proportional positivity to smooth weekly 
fluctuations, the uneven sampling might nevertheless 
have resulted in overestimating or underestimating 
influenza activity during specific periods of the year. 
Second, we acknowledge that we could not assess whether 
multiple peaks were caused by the aggregation of data 
from within-country regions with distinct epidemic 
periods into a national dataset. Therefore, for countries 
with multiple peaks of influenza epidemics, it is 
suggested that subnational data be examined to help 
inform whether more regionally targeted vaccine 
strategies are required. Third, we could not disaggregate 
FluNet data by SARI and ILI specimens, age, case 
definitions, case severity, or sentinel surveillance sites, 
which might have obscured the magnitude of peaks and 
threshold levels, especially if SARI and ILI reporting was 
not systematic across the study period and by country. 
Finally, we did not explore the role of virus subtypes or 
antigenic characterisation on seasonality, nor did we 
examine the effect of year-to-year variability of data. We 
acknowledge that timing of the season is only one aspect 
of deciding on the vaccine formulation and that more 
data on antigenic characterisation of circulating viruses 
are important. We recommend that such analyses should 
be implemented when more viruses are characterised 
and available from African countries.
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African nations have generated surveillance data 
to identify typical influenza epidemic periods by 
strengthening their ILI and SARI surveillance and 
laboratory capacity and through decades of partnership 
building and funding.7 Vaccination strategies for 
countries in the tropics should be aligned to both the 
beginning of expected epidemic activity and the dominant 
pattern to have the maximum public health impact. 
Based on findings from this analysis, countries should 
anticipate which formulations would be optimal to protect 
against influenza during the anticipated primary or 
dominant epidemic period and better time procurement, 
distribution, and vaccination campaigns. Furthermore, 
countries could investigate, sequence, and antigenically 
characterise seasonal and non-seasonal influenza viruses 
to assess their use as candidate vaccine viruses. Future 
analyses could investigate real-world vaccine effectiveness 
against circulating viruses to inform the yearly vaccine 
composition decisions.31,32 Anticipating peak epidemic 
periods can help health authorities better time the 
mobilisation of antiviral stockpiles to the point of care 
and release risk communication messages to prompt 
clinicians to empirically treat people at increased risk of 
influenza complications with antivirals (eg, people in 
hospital or with pre-existing conditions that predispose 
them to severe influenza).
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