
In temperate regions, seasonal influenza commonly 
follows a regular circulation pattern and has an an-

nual epidemic peak during the colder winter months 
(1–3). In contrast, tropical areas have great diversity 
in influenza seasonality (1–3). Some countries, includ-
ing Brazil, Mexico, and the Philippines, report 1 dis-
tinct annual peak, but other countries, including Co-
lombia, Burkina Faso, and Thailand, have 2 distinct 
peaks (3). Countries near the equator, such as Ven-
ezuela, Cameroon, Indonesia, and Malaysia, show 

year-round circulation and have no distinct peak (3). 
However, Senegal and other countries in West Africa 
have year-round influenza activity with 1 or 2 distinct 
annual peaks; the second most often occurs during 
the rainy season (3).

The diversity of circulation patterns challenges 
old theories on influenza’s seasonality that suggest 
the increased activity seen in winter mainly is ex-
plained by the permissive dry and cold weather (4). 
The determinants of influenza’s seasonality remain 
poorly understood, and studying viral circulation in 
tropical areas represents a crucial step toward a glob-
al understanding of influenza seasonality (2,5–7).

The emergence of SARS-CoV-2 in late 2019 
deeply impacted influenza’s global circulation (8). 
During 2020–2021, the first years of the pandemic, 
historically low levels of influenza circulation were 
noted, but those findings were largely described and 
discussed from high-income countries in temperate 
regions that have abundant influenza surveillance 
data (9–12). The low-level phenomenon is commonly 
believed to be a beneficial side effect of nonpharma-
ceutical interventions (NPIs) implemented to control 
of the spread of SARS-CoV-2 (13,14). However, little 
is known about the impact that SARS-CoV-2 had on 
influenza’s circulation in tropical settings. To clarify 
SARS-CoV-2–influenza interactions in tropical re-
gions, we investigated usual influenza circulation 
patterns in Senegal, a subtropical country in West 
Africa, and whether circulation patterns shifted dur-
ing the COVID-19 pandemic.

Methods

Syndromic Surveillance in Senegal
Since 2011, Senegal has been managing a sentinel syn-
dromic surveillance system (réseaux de surveillance 
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Historically low levels of seasonal influenza circulation 
were reported during the first years of the COVID-19 
pandemic and were mainly attributed to implementation 
of nonpharmaceutical interventions. In tropical regions, 
influenza’s seasonality differs largely, and data on this 
topic are scarce. We analyzed data from Senegal’s sen-
tinel syndromic surveillance network before and after the 
start of the COVID-19 pandemic to assess changes in in-
fluenza circulation. We found that influenza shows year-
round circulation in Senegal and has 2 distinct epidemic 
peaks: during January–March and during the rainy sea-
son in August–October. During 2021–2022, the expected 
January–March influenza peak completely disappeared, 
corresponding to periods of active SARS-CoV-2 circula-
tion. We noted an unexpected influenza epidemic peak 
during May–July 2022. The observed reciprocal circula-
tion of SARS-CoV-2 and influenza suggests that factors 
such as viral interference might be at play and should be 
further investigated in tropical settings.
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sentinelle syndromique du Sénégal), known as the 4S 
Network (15). The 4S Network is concurrently run by 
the National Ministry of Health and Institut Pasteur 
de Dakar, which supervises the sites’ activities, pro-
vides equipment, and manages sample transport, vi-
rological testing, and data management and analysis.

The 4S Network functions as any syndromic sur-
veillance system by monitoring and testing persons 
who have certain syndromes of public health interest, 
in this case, signs and symptoms suggestive of viral 
respiratory diseases, as previously described (16). 
The 4S Network comprises 25 sentinel sites: 22 com-
munity sites in primary or secondary healthcare fa-
cilities that are in charge of influenza-like illness (ILI) 
surveillance and 3 hospitals located in the region of 
Dakar that are in charge of severe acute respiratory 
illness (SARI) surveillance (Figure 1). Sentinel sites 
are located throughout the country in each of its 14 
regions, enabling geographic coverage and providing 
a fairly accurate representation of Senegal’s popula-
tion. Sites were selected according to their location, 
number of patients served, willingness to participate, 
and availability of minimal equipment, such as run-
ning water and a refrigerator (16).

The 4S Network offers a unique source of epi-
demiologic data on ILI and SARI in Senegal. During 
the COVID-19 pandemic, the network also rapidly 
integrated SARS-CoV-2 testing in its routine surveil-
lance activities. We extracted data from the 4S Net-
work to analyze local dynamics of influenza, SARS-

CoV-2, and interactions between the 2 viruses in a 
remote setting.

Study Population and Case Definition
We focused on ILI and SARI surveillance by using 
definitions from 2014 World Health Organization 
criteria (17). Those criteria define ILI cases as acute 
respiratory infection accompanied by a measured 
temperature of ≥38°C and cough that had an onset 
within the previous 10 days and define SARI cases as 
an acute respiratory infection and history of fever or 
a measured temperature of ≥38°C and cough that had 
an onset within the previous 10 days and resulted in 
hospital admission. We included all age groups in 
the study and had no specific exclusion criteria apart 
from a patient’s refusal to participate. All patients 
undergoing virological testing and included in the 
surveillance program gave informed oral consent. All 
data were fully anonymized in advance.

Study Period and Data Collection
To assess baseline influenza seasonality patterns, 
we extracted influenza test results from January 1, 
2013–March 1, 2020. To describe interactions between 
SARS-CoV-2 and influenza, we extracted those test 
results from March 1, 2020–July 31, 2022.

For SARI cases, any patient that fit the case de-
scription and was admitted at a sentinel site was sub-
jected to nasal and oropharyngeal swab sampling. For 
ILI surveillance, ≥5 samples per site were randomly 
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Figure 1. Geographic distribution of community and hospital sentinel sites participating in surveillance for shifting patterns of influenza 
circulation during the COVID-19 pandemic, Senegal. Sites represent the network of sentinelle syndromique du Sénégal (sentinel 
syndromic surveillance of Senegal), also known as the 4S Network. Enlarged map at left shows detailed view of the Dakar capital region 
and 4S Network hospitals located in the region. ILI, influenza-like illness; SARI, severe acute respiratory illness.
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collected for surveillance every week. SARI samples 
are transferred every day and ILI samples are trans-
ferred weekly to the national reference center for in-
fluenza and other respiratory viruses at the Pasteur 
Institute in Dakar.

The reference center performs 2-step real-time 
reverse transcription PCR (rRT-PCR) by using the 
CFX96 Real-Time PCR Detection System (Bio-Rad, 
https://www.bio-rad.com) and Anyplex II RV16 
Detection Kit (Seegene, https://www.seegene.com). 
That testing system enables simultaneous testing for 
influenza A and B viruses; human respiratory syn-
cytial virus A and B; adenovirus; metapneumovirus; 
coronavirus 229E, NL63, and OC43; parainfluenza 
virus 1−4; rhinovirus A/B/C; enterovirus; and bo-
cavirus (18). Influenza viruses underwent RT-PCR 
to detect N1, H1, and H3 subtypes and matrix, neur-
aminidase 2, and hemagglutinin 2 genes, as previ-
ously described (19).

SARS-CoV-2 surveillance was rapidly integrated 
into the 4S Network. At the beginning of June 2020, 
every sample from SARI or ILI cases was subjected to 
monoplex SARS-CoV-2 RT-PCR testing by using the 
LightMix CoV E-gene and LightMix Modular Wuhan 
CoV RdRP-gene kits (TIB MOLBIOL, https://www.
tib-molbiol.de). Although a new case definition in-
cluding other symptoms, such as anosmia or diges-
tive symptoms, for suspected COVID-19 cases was 
initially added to the surveillance system, ILI and 
SARI case definitions remained unchanged during 
that period. Senegal abandoned the new suspected 
COVID-19 case definition at the end of 2021, follow-
ing the World Health Organization’s international 
recommendations for COVID-19 surveillance (20). 
Thus, we only included patients that fit the case de-
scription for ILI or SARI in this study.

Statistical Analysis
We used R version 4.0.3 (The R Foundation for Sta-
tistical Computing, https://www.r-project.org) 

and the supplementary R package, Moving Epi-
demic Method version 2.17 (https://github.com/
lozalojo/mem), to process data and create epide-
miologic curves. We generated average epidemic 
curves on the basis of percentages of SARI or ILI 
cases testing positive for influenza during each sea-
son. Then, we aligned the seasonal curves to gener-
ate an average curve, and set thresholds to define 
preepidemic, epidemic, and postepidemic periods. 
We defined the thresholds by calculating the upper 
limit of the 95% CI around the 30 highest weekly 
values. Our model also estimated sensitivity by cor-
rectly defining the epidemic period and specificity 
by correctly defining the nonepidemic period, and 
we calculated 95% CIs for the average season’s start 
date and duration (21,22).

Results
During the prepandemic period, January 1, 2013–
December 31, 2019, the 4S Network detected 74,726 
ILI cases in community sites. Of those, 12,530 (17%) 
were randomly tested for influenza by rRT-PCR, 
and 3,157 (25%) were influenza-positive. During 
the same period, 776 SARI cases were hospitalized 
in sentinel sites and tested for influenza; 145 (19%) 
were positive (Table).

During the pandemic period, January 1, 2020–
July 31, 2022, the 4S Network detected 19,030 ILI 
cases in community sites. Of those, 2,593 (14%) were 
randomly tested for influenza, of which 1,409 (54.3%) 
were also tested for SARS-CoV-2. Among tested sam-
ples, 622 (24%) were influenza-positive and 195 (14%) 
were SARS-CoV-2–positive. During the same period, 
1,352 SARI cases were hospitalized in sentinel sites 
and tested for influenza, and 68 (5%) tested influenza-
positive; 1,129 had combined SARS-CoV-2 and influ-
enza testing, and 211 (19%) were SARS-CoV-2–posi-
tive (Table). Every specimen tested for SARS-CoV-2 
was systematically tested for influenza, but the 2 
pathogens were co-detected in only 1 patient.
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Table. RT-PCR test results demonstrating shifting patterns of influenza circulation during the COVID-19 pandemic, Senegal* 

Testing per timeframe 
No. (%) cases 

ILI SARI Total 
Prepandemic, 2013–2020    
 No. cases enrolled 74,726 776 75,502 
 No. influenza RT-PCR performed 12,530 (1) 776 (100) 13,306 (17) 
  No. influenza-positive tests 3,157 (25) 145 (19) 3,302 (25) 
Pandemic period, 2020–2022    
 No. cases enrolled 19,030 1,352 20,382 
 No. influenza RT-PCR performed 2,593 (14) 1,352 (100) 3,945 (19) 
  No. influenza-positive tests 622 (24) 68 (5) 690 (17) 
 No. SARS-CoV-2 RT-PCR performed 1,409 (7) 1,129 (84) 2,538 (12) 
  No. SARS-CoV-2 positive tests 195 (14) 211 (19) 416 (16) 
*Cases are from ILI and SARI surveillance during January 2013–July 2022. ILI, influenza-like illness; RT-PCR, reverse transcription PCR; SARI, severe 
acute respiratory illness 
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Local Influenza Epidemiology before  
COVID-19 Pandemic
We found that, before the pandemic, Senegal had 
continuous circulation of influenza throughout the 
year and had 2 distinct seasonal peaks. The first peak 
typically occurred at the beginning of the year dur-
ing epidemiologic week 5 (range week 1–13). The first 
peak typically ended around mid-April and had an 
average duration of 14 (95% CI 12–17) weeks and an 
average test-positive intensity peak of 34% (95% CI 
10%–57%) of samples (Figure 2).

The second peak typically occurred during the 
second half of the rainy season, around August dur-
ing epidemiologic week 31 (range week 27–36). That 
peak usually lasted until the end of November and 
had an average duration of 18 (95% CI 13–25) weeks 
and an average test-positive intensity peak of 61% 
(95% CI 47%–78%) of samples (Figure 2).

Changes Observed in Seasonal Influenza  
during the COVID-19 Pandemic
We observed that SARS-CoV-2 essentially trans-
formed the biannual profile of influenza’s seasonal 
epidemic peaks in Senegal to a monophasic epidemic. 
During 2020, influenza circulation in Senegal seemed 
practically unperturbed. At the start of the year, influ-
enza B (Victoria) virus peaked during January–March, 

after which a rainy season peak of influenza A(H3N2) 
and influenza B (Victoria) began during epidemio-
logic week 37, peaked at 73% of positive tests, and 
lasted for 11.5 weeks. SARS-CoV-2 started circulating 
in Senegal at the beginning of March 2020; the first 
case in Senegal was detected on March 2. However, 
systematic testing for SARS-CoV-2 was not added to 
the 4S Network until the beginning of June, which ex-
plains the low levels of SARS-CoV-2 detection during 
March–May 2020 (Figure 3). However, influenza sur-
veillance continued during that period and revealed 
unusually low levels of influenza (Figures 4, 5).

During 2021, the expected beginning of the year 
influenza peak was completely absent. That period 
was marked by high levels of SARS-CoV-2 Alpha 
variant, after which an unmodified rainy season peak 
of 2009 pandemic influenza A(H1N1) started during 
epidemiologic week 37, peaked at 80% test-positivity, 
and lasted 10 weeks (Figures 4, 5).

The beginning of 2022 also was marked by the ab-
sence of the expected January–March influenza peak. 
That period also showed high levels of circulating 
SARS-CoV-2, but the Omicron variant dominated. 
Finally, an unexpected epidemic peak of influenza 
A(H3N2) was observed completely out of the usual 
period, starting in May during epidemiologic week 
17 when influenza activity is usually the lowest in 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 9, September 2023 1811

Figure 2. Prepandemic average 
epidemic curves used to 
demonstrate shifting patterns of 
influenza circulation during the 
COVID-19 pandemic, Senegal. 
Graphs show annual and overall 
average percentage of influenza-
positive reverse transcription 
PCR tests per epidemiology 
week reported by the sentinelle 
syndromique du Sénégal 
(sentinel syndromic surveillance 
of Senegal), also known as the 
4S Network, during January 
2013–January 2020. 
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Senegal, and ending in July, during epidemiologic 
week 29,  with a maximum peak of 71% test positiv-
ity (Figures 4, 5). Of note, influenza B (Yamagata) has 
practically disappeared in Senegal since June 2020; 
the last 2 cases were detected in January 2021.

Discussion
Before the COVID-19 pandemic, the dynamics of influ-
enza in Senegal mostly followed the various patterns 
seen in tropical regions, showing year-round low-lev-
el circulation and increased activity during the rainy  

seasons (1,2). Senegal also had a typical smaller influ-
enza peak at the start of the year (Figure 5, panel A).

Influenza’s seasonal patterns and variability 
across different climate zones is still only partially 
understood (23). Among other factors, dry and cold 
weather conditions appear to promote influenza cir-
culation in temperate regions (23–25), which is sup-
ported by in vitro and in vivo models (24). However, 
weather conditions do not account for observations 
made in tropical areas where circulation often peaks 
around months with the highest temperature and hu-
midity levels (25–27).

Many other seasonally dependent factors influ-
ence influenza’s circulation: fluctuations in host com-
petence and immune response; changes in population 
behavior, such as school attendance; and the amount 
of time spent indoors (23). In Senegal, the rainy season 
is a period when most of the population is frequently 
forced to stay at home because of violent rainfall that 
disrupts normal traffic and human mobility patterns. 
The increase in indoor human contact and the return 
to school of a predominantly young population dur-
ing the same season certainly contribute to the ob-
served rainy season peak in Senegal and possibly in 
other countries (26).

Increased indoor contact does not account for the 
peak seen at the start of the year, which is the middle 
of Senegal’s dry season. However, school schedules 
and international travel might be implicated in the 
peak. Children returning to school increase influ-
enza circulation. In addition, many persons travel to 
Europe, which usually experiences its annual influ-
enza season at that time. Travel between Senegal and 
northern Europe peaks during the end of the year, 
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Figure 3. Average number of cases detected in a study of shifting patterns of influenza circulation during the COVID-19 pandemic, 
Senegal. Bars indicate number of reverse transcription PCR–positive tests for influenza and SARS-CoV-2 per epidemiology week 
reported by the sentinelle syndromique du Sénégal (sentinel syndromic surveillance of Senegal), also known as the 4S Network, during 
January 2013–July.

Figure 4. Average epidemic curves showing shifting patterns 
of influenza circulation during the COVID-19 pandemic, 
Senegal. Graphs show percentage of influenza-positive reverse 
transcription PCR tests per epidemiologic week reported by 
the sentinelle syndromique du Sénégal (sentinel syndromic 
surveillance of Senegal), also known as the 4S Network, during 
January 2020–December 2022. 
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when persons from Senegal return from visiting their 
families in Europe during the winter holidays and 
tourists from Europe who favor the dry season travel 
to Senegal to visit. The role of international travel on 
the January–March influenza peak is also suggested 
by the absence of influenza at the beginning of 2016, 
which corresponded to the period of the Ebola epi-
demic in West Africa that resulted in travel restric-
tions (Figure 3). Among the NPIs used during the 
COVID-19 pandemic, travel restrictions might have 
had a role in reshaping the biannual seasonality of in-
fluenza in Senegal into a more monophasic epidemic.

However, Senegal did not have a biannual in-
fluenza epidemic profile until after the implantation 

of the pandemic H1N1 2009 strain in the territory in 
2010 (27). That observation suggests that climate, host 
immunity, and behavior might not be the only con-
tributing factors to the seasonality of influenza circu-
lation and that emergence of new competitive viral 
strains can also have a prolonged effect on periodic 
influenza circulation patterns.

Changes Observed during COVID-19 Pandemic
During 2020–2021, countries in the Southern Hemi-
sphere that have temperate climates, such as Austra-
lia and South Africa, reported close to zero influenza 
circulation, and influenza remained mostly absent 
until 2021 (28). In the Northern Hemisphere, the  
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Figure 5. Number of reverse transcription PCR (RT-PCR)–positive samples per week in a study of shifting patterns of influenza 
circulation during the COVID-19 pandemic, Senegal. Data represent RT-PCR–positive tests per epidemiologic week reported by the 
sentinelle syndromique du Sénégal (sentinel syndromic surveillance of Senegal), also known as the 4S Network, including influenza 
subtypes and SARS-CoV-2 variants. A) Weekly influenza incidence during the prepandemic period, January 2018–2019. B) Weekly 
influenza and SARS-CoV-2 incidence during the pandemic period, January 2020–July 2022.
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influenza seasonal peak of the 2020–21 winter was 
also absent (29,30). Those periods showed high levels 
of SARS-CoV-2 circulation during the second pan-
demic wave of the Alpha variant and subsequent re-
inforcement of NPIs (31).

In Senegal, at the end of March 2020, face masks 
became mandatory in public places, public gath-
erings were forbidden, international flights were 
closed, and a curfew was put in place (32). Those 
measures were gradually alleviated at the end of July 
2020, when curfew hours were lightened and interna-
tional flights were reopened, but Senegal maintained 
a high level of border control. A noticeable reduction 
of population mobility was recorded during March 
2020–March 2021 (33).

The arrival of SARS-CoV-2 in Senegal had notice-
able effects on local influenza circulation. Unlike re-
ports from temperate regions, only the expected Jan-
uary–March influenza peak was affected in Senegal, 
but the main rainy season peaks stayed unperturbed 
in their timing and intensity (Figure 5, panel B). That 
finding could be partially explained by concurrent 
reinforcement or alleviation of NPIs. However, influ-
enza activity in Senegal did not seem well correlated 
with local NPI reinforcement. Senegal noticeably alle-
viated its contact restriction measures around March 
2021 (34), as illustrated by the noticeable drop in its 
estimated COVID-19 Stringency Index (35) and the 
concomitant rise in the population’s mobility, as es-
timated by Google’s COVID-19 Community Mobility 
Reports (33). That timeline does not account for influ-
enza’s recorded activity during the study period.

The abnormally low levels of influenza in the ear-
ly months of 2021 and 2022 might be explained by the 
link between the expected start of the year peak and 
the winter peak usually seen in the Northern Hemi-
sphere. That start of the year peak would be more de-
pendent on international travel, as described, which 
might explain the unbalanced effect of the COVID-19 
pandemic on influenza circulation in Senegal.

Deciphering the underlying causes of those shifts 
is challenging because the pandemic affected every 
level of the human ecosystem. The role of social dis-
tancing and other NPIs is undeniable because it neces-
sarily affects the number of potentially contaminating 
social encounters. However, as those measures were 
gradually alleviated, influenza and SARS-CoV-2 con-
tinued to circulate alternately. The observed recipro-
cal nature of influenza and SARS-CoV-2 circulation, 
which is easier to visualize in Senegal’s tropical set-
ting, calls into question the prevailing role of NPIs 
and travel restrictions and invites us to search for 
other contributors.

Negative viral interference or viral competition—
that is, the transient inhibitory effects that a virus can 
have on secondary infection by other viruses at the 
host level, essentially through sustained interferon 
pathway activation—s an old concept that has been 
studied and confirmed by in vitro and animal mod-
els (36,37) and has been supported by epidemiologic 
observations and statistical modeling (36,38,39). Al-
though the concept is still controversial, some argue 
that rhinoviruses might have participated in the dis-
sipation of first the wave of the 2009 pandemic influ-
enza A(H1N1), for instance (40). Viral interference 
between SARS-CoV-2 and influenza has also been 
studied experimentally (41,42) and is supported by 
epidemiologic data (43,44). The implication of nega-
tive viral interference on influenza circulation is fur-
ther supported by the very low levels of co-detection 
noticed at the patient level, only 1 case of co-detection 
out of 2,538 tests performed during our study period. 
Cases of SARS-CoV-2 and influenza co-infections 
have been reported in the literature but seem to be 
rare (<1%) (43).

The surveillance network used in this study has 
certain advantages, such as wide geographic cov-
erage and use of community and hospital settings. 
However, the 4S Network exclusively provides in-
formation on symptomatic patients because of its 
focus on syndromic surveillance; thus, the network 
omits some local influenza and SARS-CoV-2 epide-
miologic features. Also, locations of sentinel sites 
might have underrepresented populations from re-
mote areas, especially in the northeastern and south-
eastern parts of Senegal, the most underpopulated 
areas of the country.

Because the network provides close to real time 
information, we were able to integrate recent data 
and cover more post–COVID-19 influenza seasons. 
Thus, we could offer a broader view of the effects 
of SARS-CoV-2 on influenza circulation in Senegal, 
which has public health implications that seem to be 
ongoing (5).

During March–June 2020, which corresponds 
to the first SARS-CoV-2 pandemic wave in Senegal, 
the activity of the surveillance system was drasti-
cally decreased. At that time, COVID-19 tests were 
not available, and local healthcare providers from 
sentinel sites were asked by the ministry of health 
to train colleagues in neighboring districts to per-
form nasopharyngeal sampling and conduct local 
case investigations. Nevertheless, routine influenza 
surveillance was not completely abandoned dur-
ing that period, and approximately one third of the 
usual number of samples were sent for influenza 
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testing. Therefore, the absence of influenza notifi-
cations during the first SARS-CoV-2 wave was not 
only because of a lack of testing but also because of 
low levels of concurrent influenza circulation, con-
sistent with what was seen later.

Data regarding influenza and SARS-CoV-2 cir-
culation in tropical regions are scarce. In addition, 
our data are limited to a small geographic area and 
timeframe, just 2 years of co-circulation. Distinguish-
ing crucial and durable changes in influenza’s circu-
lation patterns requires a broader scope. Therefore, 
data from other tropical countries and over longer 
periods of time are needed to clarify the effects of the  
COVID-19 pandemic on influenza circulation pat-
terns in tropical regions.

Many questions on how influenza’s seasonal-
ity will be affected in the long term remain. Influ-
enza seasonality is probably intimately linked to  
SARS-CoV-2 and its potential for becoming a sea-
sonal virus. In addition, SARS-CoV-2 could interfere 
with influenza circulation through broad population 
behavioral responses and host level immunologic 
and virologic determinants.

In conclusion, although NPIs and travel restric-
tions most certainly were predominant factors in 
the disruption of influenza circulation in 2020 and 
early 2021, those now seem insufficient to account 
for the more recent observations made in Senegal 
and other countries. Thus, the role of viral inter-
ference in reshaping influenza seasonality should 
be considered and included in future virologic and 
epidemiologic studies.

Acknowledgments
We thank Arnaud Fontanet for his careful revision of the 
present paper and his constructive remarks. We thank the 
rest of the staff of the Epidemiology, Clinical Research and 
Data Science Department and the Department of Virology 
of the Institut Pasteur de Dakar who contributed to sample 
and lab logistics. We also thank every healthcare provider 
from the sentinel sites that participated in the sampling 
and care of the patients included in this study.

The surveillance system from which the data was  
extracted has received financial support from the US  
Department of Human Health services. The funding  
body had no role in the design of the study, analysis,  
interpretation of data and in writing the manuscript.  
However, part of its funding was used to transport 
samples from study sites to the Institut Pasteur de Dakar.

A.L. designed the study, extracted and analyzed the data, 
and wrote the original draft. M.A.B. participated in the 
study design, data extraction and analysis, and revised the 

original draft. S.S. contributed to data curation and  
management and participated in data extraction. C.L.  
participated in the study design and supervised and  
contributed to the review and editing of the paper.  
M.A.B., C.T., M.D., B.T., M.K.D., C.L., B.D., N.D., Y.S., 
I.O.B., and A.A.S. all contributed to the management of  
the surveillance system and edited the paper.

About the Author
Dr. Lampros is an infectious disease specialist at the  
Hôpital Europeen Georges Pompidou in Paris, France. 
He is concurrently pursuing an epidemiology and public 
health master’s degree through the Institut Pasteur  
Network where he worked at the Institut Pasteur de  
Dakar. His research interests include COVID-19  
co-infections, notably fungal superinfections, and more 
broad pathogen interactions.

References
  1. Moura FE. Influenza in the tropics. Curr Opin In-

fect Dis. 2010;23:415–20. https://doi.org/10.1097/
QCO.0b013e32833cc955

  2. Leo YS, Lye DC, Chow A. Influenza in the tropics. Lancet 
Infect Dis. 2009;9:457–8. https://doi.org/10.1016/ 
S1473-3099(09)70182-3

  3. Hirve S, Newman LP, Paget J, Azziz-Baumgartner E,  
Fitzner J, Bhat N, et al. Influenza seasonality in the  
tropics and subtropics—when to vaccinate? PLoS One. 2016; 
11:e0153003. https://doi.org/10.1371/journal.pone.0153003

  4. Lowen AC, Mubareka S, Steel J, Palese P. Influenza virus 
transmission is dependent on relative humidity and  
temperature. PLoS Pathog. 2007;3:1470–6. https://doi.
org/10.1371/journal.ppat.0030151

  5. Lee SS, Viboud C, Petersen E. Understanding the rebound  
of influenza in the post COVID-19 pandemic period holds  
important clues for epidemiology and control. Int J Infect  
Dis. 2022;122:1002–4. https://doi.org/10.1016/ 
j.ijid.2022.08.002

  6. Yazdanbakhsh M, Kremsner PG. Influenza in Africa.  
PLoS Med. 2009;6:e1000182. https://doi.org/10.1371/ 
journal.pmed.1000182

  7. Steffen C, Debellut F, Gessner BD, Kasolo FC, Yahaya AA, 
Ayebazibwe N, et al. Improving influenza surveillance in 
sub-Saharan Africa. Bull World Health Organ. 2012;90:301–5. 
https://doi.org/10.2471/BLT.11.098244

  8. Jones N. How COVID-19 is changing the cold and flu  
season. Nature. 2020;588:388–90. https://doi.org/10.1038/ 
d41586-020-03519-3

  9. Kim J, Gómez Gómez RE, Hong K, Yum S, Jang J, Chun BC. 
Changing influenza activity in the Southern hemisphere 
countries during the COVID-19 pandemic. Int J Infect Dis. 
2021;108:109–11. https://doi.org/10.1016/j.ijid.2021.05.039

10. Huang QS, Wood T, Jelley L, Jennings T, Jefferies S,  
Daniells K, et al.; NPIsImpactOnFlu Consortium. Impact of 
the COVID-19 nonpharmaceutical interventions on influenza 
and other respiratory viral infections in New Zealand.  
Nat Commun. 2021;12:1001. https://doi.org/10.1038/
s41467-021-21157-9

11. Feng L, Zhang T, Wang Q, Xie Y, Peng Z, Zheng J, et al.  
Impact of COVID-19 outbreaks and interventions on 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 9, September 2023 1815



RESEARCH

influenza in China and the United States. Nat Commun. 
2021;12:3249. https://doi.org/10.1038/s41467-021-23440-1

12. Sakamoto H, Ishikane M, Ueda P. Seasonal influenza 
activity during the SARS-CoV-2 outbreak in Japan. JAMA. 
2020;323:1969–71. https://doi.org/10.1001/jama.2020.6173

13. Fricke LM, Glöckner S, Dreier M, Lange B. Impact of  
non-pharmaceutical interventions targeted at COVID-19 
pandemic on influenza burden—a systematic review. J Infect. 
2021;82:1–35. https://doi.org/10.1016/j.jinf.2020.11.039

14. Qi Y, Shaman J, Pei S. Quantifying the impact of COVID-19 
nonpharmaceutical interventions on influenza transmission 
in the United States. J Infect Dis. 2021;224:1500–8.  
https://doi.org/10.1093/infdis/jiab485

15. Niang MN, Dosseh A, Ndiaye K, Sagna M, Gregory V, 
Goudiaby D, et al. Sentinel surveillance for influenza in  
Senegal, 1996-2009. J Infect Dis. 2012;206:S129–35.  
https://doi.org/10.1093/infdis/jis576

16. Barry MA, Arinal F, Talla C, Hedible BG, Sarr FD, Ba IO,  
et al. Performance of case definitions and clinical predictors 
for influenza surveillance among patients followed in a  
rural cohort in Senegal. BMC Infect Dis. 2021;21:31.  
https://doi.org/10.1186/s12879-020-05724-x

17. Fitzner J, Qasmieh S, Mounts AW, Alexander B, Besselaar T, 
Briand S, et al. Revision of clinical case definitions:  
influenza-like illness and severe acute respiratory infection.  
Bull World Health Organ. 2018;96:122–8. https://doi.org/ 
10.2471/BLT.17.194514

18. Kim H-K, Oh S-H, Yun KA, Sung H, Kim M-N. Comparison 
of Anyplex II RV16 with the xTAG respiratory viral panel 
and Seeplex RV15 for detection of respiratory viruses.  
J Clin Microbiol. 2013;51:1137–41. https://doi.org/10.1128/
JCM.02958-12

19. Wright KE, Wilson GA, Novosad D, Dimock C, Tan D,  
Weber JM. Typing and subtyping of influenza viruses in 
clinical samples by PCR. J Clin Microbiol. 1995;33:1180–4. 
https://doi.org/10.1128/jcm.33.5.1180-1184.1995

20. World Health Organization. End-to-end integration of  
SARS-CoV-2 and influenza sentinel surveillance, revised 
interim guidance [cited 2023 Apr 14]. https://apps.who.int/
iris/bitstream/handle/10665/351409/WHO-2019-nCoV-
Integrated-sentinel-surveillance-2022.1-eng.pdf

21. Vega T, Lozano JE, Meerhoff T, Snacken R, Mott J,  
Ortiz de Lejarazu R, et al. Influenza surveillance in  
Europe: establishing epidemic thresholds by the moving  
epidemic method. Influenza Other Respir Viruses. 
2013;7:546–58. https://doi.org/10.1111/j.1750-2659. 
2012.00422.x

22. Vega T, Lozano JE, Meerhoff T, Snacken R, Beauté J,  
Jorgensen P, et al. Influenza surveillance in Europe:  
comparing intensity levels calculated using the moving  
epidemic method. Influenza Other Respir Viruses. 
2015;9:234–46. https://doi.org/10.1111/irv.12330

23. Tamerius J, Nelson MI, Zhou SZ, Viboud C, Miller MA, 
Alonso WJ. Global influenza seasonality: reconciling  
patterns across temperate and tropical regions. Environ 
Health Perspect. 2011;119:439–45. https://doi.org/10.1289/
ehp.1002383

24. Lowen AC, Steel J. Roles of humidity and temperature 
in shaping influenza seasonality. J Virol. 2014;88:7692–5. 
https://doi.org/10.1128/JVI.03544-13

25. Paynter S. Humidity and respiratory virus transmission  
in tropical and temperate settings. Epidemiol Infect. 2015; 
143:1110–8. https://doi.org/10.1017/S0950268814002702

26. Tamerius JD, Shaman J, Alonso WJ, Bloom-Feshbach K,  
Uejio CK, Comrie A, et al. Environmental predictors of  
seasonal influenza epidemics across temperate and  

tropical climates. PLoS Pathog. 2013;9:e1003194.  
https://doi.org/10.1371/journal.ppat.1003194

27. Ndongo D, Ousmane MD, Mbayame NN. Influenza  
seasonality affected by the 2009 pandemic episode in  
Senegal. Afr J Microbiol Res. 2014;8:217–21. https://doi.org/ 
10.5897/AJMR2013.6228

28. Olsen SJ, Azziz-Baumgartner E, Budd AP, Brammer L,  
Sullivan S, Pineda RF, et al. Decreased influenza activity 
during the COVID-19 pandemic—United States, Australia, 
Chile, and South Africa, 2020. MMWR Morb Mortal Wkly 
Rep. 2020;69:1305–9. https://doi.org/10.15585/ 
mmwr.mm6937a6

29. Solomon DA, Sherman AC, Kanjilal S. Influenza in the  
COVID-19 Era. JAMA. 2020;324:1342–3. https://doi.org/ 
10.1001/jama.2020.14661

30. Olsen SJ, Winn AK, Budd AP, Prill MM, Steel J,  
Midgley CM, et al. Changes in influenza and other  
respiratory virus activity during the COVID-19  
pandemic—United States, 2020–2021. MMWR Morb  
Mortal Wkly Rep. 2021;70:1013–9. https://doi.org/10.15585/
mmwr.mm7029a1

31. World Health Organization. WHO coronavirus (COVID-19) 
dashboard [cited 2023 Aug 3]. https://covid19.who.int

32. Republic of Senegal. Declaration of a state of emergency 
in the context of the fight against coronavirus disease 
COVID-19 [cited 2023 Aug 3]. https://sante.gouv.sn/
sites/default/files/Discours%20Pr%C3%A9sident%20
de%20la%20R%C3%A9publique%20%20%C3%A9tat%20
d%27urgence%20COVID-19.pdf

33. Google. COVID-19 community mobility reports, Senegal 
[cited 2023 Apr 13]. https://www.gstatic.com/covid19/ 
mobility/2022-10-15_SN_Mobility_Report_en.pdf

34. Republic of Senegal. Press release from the Council of  
Ministers of March 10, 2021 [cited 2023 Aug 3].  
https://www.presidence.sn/actualites/communique- 
du-conseil-des-ministres-du-10-mars-2021_2204

35. Our World in Data. COVID-19: Stringency index, Senegal 
[cited 2023 Apr 13]. https://ourworldindata.org/ 
covid-stringency-index

36. Piret J, Boivin G. Viral interference between respiratory 
viruses. Emerg Infect Dis. 2022;28:273–81. https://doi.org/ 
10.3201/eid2802.211727

37. Chan KF, Carolan LA, Korenkov D, Druce J, McCaw J, 
Reading PC, et al. Investigating viral interference between 
influenza A virus and human respiratory syncytial virus 
in a ferret model of infection. J Infect Dis. 2018;218:406–17. 
https://doi.org/10.1093/infdis/jiy184

38. Opatowski L, Baguelin M, Eggo RM. Influenza interaction 
with cocirculating pathogens and its impact on surveillance, 
pathogenesis, and epidemic profile: A key role for  
mathematical modelling. PLoS Pathog. 2018;14:e1006770. 
https://doi.org/10.1371/journal.ppat.1006770

39. Nickbakhsh S, Mair C, Matthews L, Reeve R, Johnson PCD, 
Thorburn F, et al. Virus-virus interactions impact the  
population dynamics of influenza and the common cold. 
Proc Natl Acad Sci U S A. 2019;116:27142–50. https://doi.org/ 
10.1073/pnas.1911083116

40. Wu A, Mihaylova VT, Landry ML, Foxman EF.  
Interference between rhinovirus and influenza A virus: 
a clinical data analysis and experimental infection study. 
Lancet Microbe. 2020;1:e254–62. https://doi.org/10.1016/
S2666-5247(20)30114-2

41. Sa Ribero M, Jouvenet N, Dreux M, Nisole S. Interplay  
between SARS-CoV-2 and the type I interferon response. 
PLoS Pathog. 2020;16:e1008737. https://doi.org/10.1371/
journal.ppat.1008737

1816 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 9, September 2023



Patterns of Influenza Circulation during COVID-19

42. Essaidi-Laziosi M, Alvarez C, Puhach O, Sattonnet-Roche P,  
Torriani G, Tapparel C, et al. Sequential infections with 
rhinovirus and influenza modulate the replicative capacity of 
SARS-CoV-2 in the upper respiratory tract. Emerg Microbes 
Infect. 2022;11:412–23. https://doi.org/10.1080/ 
22221751.2021.2021806

43. Nowak MD, Sordillo EM, Gitman MR, Paniz  
Mondolfi AE. Coinfection in SARS-CoV-2 infected patients: 
Where are influenza virus and rhinovirus/enterovirus? 
J Med Virol. 2020;92:1699–700. https://doi.org/10.1002/
jmv.25953

44. Stowe J, Tessier E, Zhao H, Guy R, Muller-Pebody B, 
Zambon M, et al. Interactions between SARS-CoV-2 and 
influenza, and the impact of coinfection on disease  
severity: a test-negative design. Int J Epidemiol. 
2021;50:1124–33. https://doi.org/10.1093/ije/dyab081

Address for Correspondence: Alexandre Lampros and Mamadou 
Aliou Barry, Institut Pasteur de Dakar, Pôle d’Épidémiologie, 
de Recherche Clinique et de Science des Données, 36 Avenue 
Pasteur, Dakar 12900, Sénégal; email: alexandre.lampros@aphp.fr

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 9, September 2023 1817

The Public Health Image Library
The Public Health 
Image Library (PHIL), 
Centers for Disease 
Control and Prevention, 
contains thousands of 
public health–related 
images, including 
high-resolution (print 
quality) photographs, 
illustrations, and videos. 

PHIL collections 
illustrate current events 
and articles, supply 
visual content for health 
promotion brochures, 
document the effects of 
disease, and enhance 
instructional media.

PHIL images, accessible 
to PC and Macintosh 
users, are in the public 
domain and available  
without charge. 

Visit PHIL at:  
http://phil.cdc.gov/phil


