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General Introduction 
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The primary objectives of influenza surveillance are to issue 

early warnings that enable health systems, governments and 

supranational organizations (such as the European Centre for Disease 

Prevention and Control [ECDC] or the World Health Organization 

[WHO]) to respond to influenza epidemics in the most timely and 

appropriate manner; and to perform a continuous monitoring of 

circulating viruses, in order to promptly detect novel and/or highly 

virulent strains and update the vaccine composition accordingly [1]. 

To achieve this dual objective, it is of paramount importance that 

both the epidemiological and virological sides of influenza 

surveillance are in place and tightly linked with each other, as both 

provide essential information and complement each other.     

The global capacity for influenza surveillance has been 

strengthened and extended to an increasing number of countries and 

territories in recent years, in particular since the run-up of the 

A(H1N1) 2009 pandemic [2]. This greatly enhanced surveillance 

activity has produced a growing mass of epidemiological and 

virological data, unprecedented in terms of quantity, quality and 

geographic coverage. The exploitation for research purposes of this 

data has great potential, for several reasons. On the one side, the 

careful and extensive evaluation of the output of a process (here, 

influenza surveillance) can contribute to increase its efficacy and help 

make a more rational use of resources, which is critical in both high- 

and low-resources countries. In addition, a better understanding of 

influenza epidemiology (in terms of timing of epidemics, patterns of 

transmission and spread, burden of disease, etc.) is highly needed to 

help policy-makers implement and refine public health interventions 

that are based on robust scientific evidence.  

In accordance with this premise, in this thesis we will exploit 

existing influenza surveillance data in order to explore different 

aspects of global influenza epidemiology. The overall aim of this 

thesis is to produce knowledge that may help optimize the strategies 

of prevention and control of influenza where they are already in place, 

and support their implementation in countries where they are still 

lacking or inadequate. The main research questions are the study of 

the main epidemiological characteristics of influenza B (and how 

these compare with influenza A and its subtypes); the description of 

spatio-temporal patterns of seasonal influenza A and B epidemics in 
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different world regions; and the study of the link between the results 

of the above investigations and the strategies for influenza prevention 

and control. 
 

1.1 How to contain influenza epidemics? 

1.1.1 A historical perspective 

The twentieth century has seen an unprecedented 

epidemiological transition in developed countries [3]. Some of the 

most fatal human infectious diseases (like plague, cholera and 

syphilis), which were highly incident until a few centuries (or even 

few decades) ago, have been reduced to negligible incidence and 

mortality rates in most developed countries. Smallpox was eradicated, 

and other infectious diseases (such as polio, measles and hepatitis B) 

might follow the same fate in the near future. The discovery and 

synthesis of drugs with antibiotic activity further contributed to 

reduce the case-fatality ratio of infectious diseases whose incidence 

and mortality had already greatly declined, like tuberculosis. In some 

other cases, however, the progresses have not been as successful. 

Some infectious diseases, like malaria or dengue, persist as major 

health threats mainly in developing countries in the tropics and 

subtropics. In contrast, influenza stands out as one of the very few 

infectious diseases whose burden (of disease) is estimated to be very 

high at all latitudes [4-6].    

Influenza has accompanied humankind throughout its history, 

and epidemics possibly caused by influenza viruses can be traced back 

to ancient documents like early Greek writings and medieval reports 

[7]. The first well documented pandemic was the so-called “Russian” 

pandemic in 1889 [8]. Coming in three waves during 1918-1919 

(spring 1918, autumn 1918, and winter 1919), the notorious “Spanish” 

pandemic outnumbered the sum of combatants and civilians who 

died as a result of the First World War. In fact, the 1918-1919 

pandemic caused an estimated 2.64 million excess deaths in Europe, 

i.e. more than 1% of the entire European population of the time [9], 

and approximately 50 million deaths worldwide [10]. Influenza and 
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influenza-associated pneumonia were the first cause of death in the 

USA already back in 1900 [11], and have been responsible for the 

largest number of infectious disease deaths throughout the twentieth 

century in the USA [12].  

Likewise most infectious diseases, influenza-like illness 

incidence and influenza mortality have been declining markedly over 

the course of twentieth century in most developed countries [12-13]. A 

large share of the decline in influenza mortality was initially made 

possible by the huge improvements in sanitation, nutrition, and living 

and working conditions of the general population. Later on, this 

process was pushed forward by discoveries and innovations in 

medicine and public health. These include the synthesis and growing 

availability of antibiotics effective for the treatment of influenza-

associated pneumonia; the “invention” of modern infectious diseases 

surveillance system [14]; and the improvements in diagnostic 

techniques made possible by the advance in immunology. An 

important milestone was the isolation of influenza viruses in 1933: 

this led to the development of monovalent A vaccines within a few 

years, which were then improved to include a B strain (the first 

bivalent vaccine dates back to 1942), two A strains (first trivalent 

vaccine in 1978) and two B lineages (in 2013) [15]. Despite these 

major conquests, the last sixty years have witnessed the occurrence of 

three pandemics (in 1957, 1968 and 2009), and influenza and its 

sequelae continue to represent a challenge for governments and 

health professionals throughout the world.  
 

1.1.2 Management of influenza epidemics: a unique challenge 

Influenza differs from most other infectious diseases in terms 

of the degree to which it can be prevented or controlled by the 

traditional means of combating human infectious diseases. The 

causes of this lie in a number of features of influenza viruses mainly 

related to their biology, ecology and evolutionary dynamics. First, the 

effectiveness of influenza vaccines is still not satisfactory [16-17], 

because of the frequent co-circulation of multiple virus strains, the 

evolving nature of influenza A viruses (via antigenic drift and shift), 

the difficulty to predict what strains will dominate the next season, 
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the moderate protection provided against mismatched strains [18], 

and the rapid decline of vaccine-induced protection over time [19]. 

Second, type A influenza viruses have a vast animal reservoir, and the 

large populations of some host species (e.g. those raised by man, like 

pigs and poultry) serve as a “mixing pot” that favours the emergence 

of new strains and their transmission to humans. Third, the very high 

transmissibility of influenza viruses and the growth in international 

trades and travel mean that the containment of epidemics (e.g. by 

quarantine or isolation) is not an easily enforceable preventive 

measure. Fourth, antiviral drugs may help mitigate the health 

consequences of outbreaks in institutions like long-term care facilities 

[20], but their role in containing larger influenza epidemics or 

pandemics is unclear [21]. These characteristics of influenza viruses 

and of their interactions with human populations imply that the 

above mentioned results achieved during the twentieth century 

against many infectious diseases are not currently accessible for 

influenza. However, we now know that the impact of influenza 

epidemics on human populations can be effectively palliated, 

although this requires a sustained and active involvement of many 

actors (governments, medical professionals, vaccine producers) and 

an unceasing coordination at supranational level. 

The key elements in todays’ efforts to contain the burden of 

disease of influenza are vaccines, surveillance, and preparedness. 

Annual influenza vaccination campaigns help protect vulnerable 

people (like the elderly population, ill people, and pregnant women) 

and avert many influenza-associated hospitalizations and deaths. 

Accurate real-time monitoring of influenza activity allows one to issue 

early warnings on the start, peak and decline of influenza epidemics, 

and expedites the detection of emerging virus strains. Influenza 

pandemic preparedness has established itself as a priority globally, as 

it is critical in minimising the health and economic impact of future 

inevitable but unpredictable pandemics. It is important to emphasize 

that the above activities must necessarily be coordinated and 

harmonized through all decision-making levels (from single regions 

and countries up to supranational and global entities) to reach the 

maximum of their effectiveness. In fact, novel influenza A viruses 

(both drift variants and new pandemic strains) can emerge virtually 

anywhere in the world, are transmitted rapidly among humans, and 
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can spread to all continents within a few weeks’ time. In this 

perspective, the advantages of expanding the global surveillance 

network and coordinating it at supranational level have been long 

recognized by the scientific community. The Global Influenza 

Surveillance and Response System (GISRS) (formerly known as 

Global Influenza Surveillance Network, GISN) was established in 

1952 and currently comprises 6 WHO Collaborating Centers and 142 

National Influenza Centers (NICs) around the world [22]. Its missions 

are to conduct influenza virological surveillance globally, issue 

recommendations on laboratory procedures and vaccines, detect 

influenza outbreaks, and serve as an alert mechanism for the 

emergence of new influenza viruses.   
 

1.2 Influenza prevention and surveillance: a 

global overview  

Preventative measures for influenza include the use of 

antivirals [23] and attempts to reduce its transmission through travel 

restrictions [24], border entry screening [25], school closures [26], 

and hygiene behaviours (e.g. hand washing and the use of facemasks) 

[27], but vaccination is widely accepted as the most effective way to 

prevent infection and severe outcomes caused by influenza illness 

[28-29]. Although the burden of influenza is high wherever this has 

been systematically assessed [30], the efforts that have been and are 

being made to reduce it through vaccination are, however, 

heterogeneously distributed in the different world regions. 

In developed countries of Europe, North America and 

Oceania, the life expectancy at birth has increased greatly over the 

past decades, the median age of the population is now much higher 

than in the past, and the survival of people living with chronic 

diseases (like cardiovascular diseases and diabetes) has greatly 

improved as well. As a result, the share of the population that is at 

risk of having a poor prognosis when infected with influenza has 

expanded. In these countries, the annual influenza vaccination 

campaigns prevent a large proportion of influenza illness, 



14 

hospitalizations and influenza-related deaths [31]. In contrast, 

vaccination campaigns are not implemented routinely in many low-

income countries (Figure 1.1) [32]. However, most cost-effectiveness 

studies point out that a commitment in this sense would affect 

positively the health status and economic development of these 

countries, and should represent a high-priority strategic investment 

for local governments and supranational organizations [33-34].  

 

Figure 1.1. World map with WHO member states reporting to have a 

national seasonal Influenza vaccine programme in 2014. From Ortiz 

JR et al. 2016 [32]. 

 

 

The picture is more complex and rapidly evolving as regards 

influenza surveillance in the different world areas. Efficient 

communicable diseases surveillance systems have been operating for 

decades in developed countries of Europe, North America and 

Oceania. Most countries in these world regions have in place both 

population- and hospital-based influenza surveillance systems, which 

form a vast and interconnected surveillance network and collect good 

quality epidemiological and virological data. In contrast, countrywide 

population-based influenza surveillance systems needed to be 
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strengthened, or even established, in several low-income countries 

until very recently [35]. As already mentioned, the 2009 influenza 

pandemic has represented a powerful stimulus for expanding the 

surveillance network to countries previously devoid of it, and for 

increasing the availability of high-performance laboratory techniques 

for the detection and characterization of influenza viruses from 

biological samples. A thorough analysis of the data produced in the 

process (which very frequently has been shared with the WHO and 

made available in public repositories) is urgent and has the dual 

objective of expanding knowledge on influenza epidemiology and 

burden of disease, and understanding what are (and where are 

localized) the knowledge gaps that still need to be filled. 
 

1.3 Knowledge gaps in the epidemiology of 

influenza  

1.3.1 Influenza B 

The growing availability of influenza surveillance data allows 

one to focus on research areas that have been less frequently explored 

until now. One of the topics on which we will put the most attention 

in this thesis is influenza B. Up until a few years ago, most research on 

influenza targeted type A viruses, mainly because of their higher 

variability and their potential to cause pandemics, while type B 

influenza has been comparatively neglected, although its burden of 

disease was thought to be substantial as well [36]. In part, the lack of 

interest was due to the common belief that the illness caused by 

influenza B is on average milder, and leads less frequently to 

complications, hospitalizations and influenza-associated death, than 

influenza A, but this has been challenged recently by a number of 

reports [37-39]. The influenza B virus has evolved into two 

antigenically distinct lineages (B/Victoria and B/Yamagata) since 

1970s [40]. Only one lineage is represented in the annual trivalent 

influenza vaccine (TIV) at any time; however, our ability to predict 

what influenza B strain will dominate next season is poor, and the 
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frequency of vaccine mismatch has been substantial in recent years 

[41-42]. The recent licensure of quadrivalent influenza vaccine (QIV) 

comprising B virus strains belonging to both lineages requires that 

the epidemiology and burden of disease of influenza B is better 

understood, in order to make it possible to compare the relative costs 

and benefits of alternative vaccination strategies. A main goal of this 

thesis is therefore to better characterize the epidemiology of influenza 

B, in particular by comparing its metrics with that of influenza A and 

its subtypes. 

 

1.3.2 Temporal patterns of influenza epidemics, with special focus on 

tropical countries 

Much is known on the spatiotemporal patterns of influenza 

epidemics in temperate countries of the Northern and Southern 

hemispheres, while comparatively less research has been performed 

in tropical countries, where one  third of the whole world population 

lives [43]. Although somewhat unavoidable, it is regrettable that 

much of the gap in knowledge about influenza epidemiology is 

precisely in the tropical regions, where most low-income countries are 

located. However, the recent rise in the availability of influenza 

surveillance data allows studying the spatio-temporal patterns of 

influenza epidemics in nearly all world areas, which has important 

implications for the determination of the optimal timing to vaccinate 

in different regions. In this thesis, we will give special attention to the 

study of the epidemiology and spatio-temporal patterns of influenza 

epidemics in tropical countries and, in particular, Latin America. 

 

1.3.3 Deepening the knowledge on influenza epidemiology in Europe  

Influenza epidemiology in Europe has been the subject of 

extensive research, yet there are some issues that remain to be 

clarified. The availability of high-quality surveillance data from a 

growing number of countries makes it possible to conduct very in-

depth investigations of how influenza viruses spread across Europe, 
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with a very much enhanced accuracy and geographic detail. Also, 

influenza time-series are today available for up to twenty consecutive 

years for several European countries, which allow assessing whether 

changes have occurred over time in the main characteristics of 

influenza epidemics in Europe. Ecologic interactions between 

infectious agents and human populations are dynamic in their 

essence, and the populations’ health needs may therefore evolve over 

time [44-45]. Therefore, it is critical to monitor on a continuous basis 

whether changes occur in how humans are affected by influenza, as 

this may help understand whether what is being done for its 

prevention is still the best that can be done. This is especially 

important given the constant pressure towards optimizing any public 

interventions (by improving their efficacy, efficiency and value-for-

money) in a scenario of rising healthcare costs and shortage of 

economic and human resources. Consistently, in this thesis we will 

turn our attention also towards the developed countries of the 

Northern hemisphere (focusing in particular to Europe); give an in-

depth description of temporal patterns of spread, geographic 

diversity, and changes over time of influenza epidemics in these 

countries; and discuss the implications for the existing influenza 

prevention and control strategies in this world area.   

 

1.4 Aims and outline of the thesis  

As mentioned above, this thesis aims to provide more insight 

into the global epidemiology and patterns of spatiotemporal spread of 

influenza A and B epidemics, and to make recommendations for 

improving influenza prevention and control strategies in different 

world areas. 

In the chapters 2 and 3 of this thesis, we will present a 

comprehensive analysis of the epidemiological characteristics of 

influenza B, in absolute terms and in comparison with influenza A 

and its subtypes. In chapter 2, we aim to determine how frequently 

influenza B circulates or even dominates the epidemic season, and 

assess the frequency of influenza B mismatches with the vaccine, in 

countries of the Southern and Northern hemispheres and of the inter-



18 

tropical belt. The objective of chapter 3 is to assess whether different 

influenza virus types (A, B) and subtypes (H3N2, pre-pandemic 

H1N1, 2009 pandemic H1N1) preferentially affect people of different 

age (children, adolescents, adults and elderly).   

The next chapters of the thesis will more closely aim on 

establishing a link between influenza epidemiology and the policies of 

influenza prevention and control in different world regions. In 

chapter 4, we will examine the temporal characteristics of influenza 

epidemics (overall and separately for influenza A and B) in countries 

of the Northern and the Southern hemispheres and of the inter-

tropical belt, and discuss their potential implications for influenza 

vaccination programs. Determining the optimal time to vaccinate is 

crucial in order to ensure that influenza vaccination campaigns 

achieve maximum effectiveness, therefore the results reported in this 

chapter have important implications for influenza vaccination 

programs globally. In chapter 5, we will more closely focus on the 

epidemiology of influenza in Latin America. The overall objectives of 

this chapter are to assess the availability and quality of influenza 

surveillance data in the region, and carry out a comparison between 

current vaccination policies and vaccination recommendations based 

on the analysis of influenza time-series.  

In the last two chapters, the spotlight will be on influenza 

epidemiology in the temperate climate countries of the Northern 

hemisphere, and in particular on the WHO European region (a large 

area including over 900 million inhabitants in 54 countries, that 

stretches from Portugal, Ireland and Iceland in the West to the 

Russian Federation in the East). In chapter 6, we will describe the 

spatiotemporal patterns of influenza epidemics across the WHO 

European region (including the study of latitudinal and longitudinal 

gradients of transmission) and assess the validity of the influenza 

transmission zones proposed by the WHO using an innovative cluster 

models approach. Finally, in chapter 7 we aim to explore whether 

the timing of the peak of influenza epidemics has changed in 

countries of the WHO European region during the last two decades 

(i.e. during 1996-2016).  

Chapter 8 will be devoted to the discussion of the results of 

these studies in a broader perspective, including their implications for 

practice, policy and research. 
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1.5 Data sources 

Two data sources have been used to answer the research 

questions addressed in this thesis: data from the Global Influenza B 

Study and the WHO FluNet database. 
1.5.1 The Global Influenza B Study  

The Global Influenza B Study was launched in 2012 with the 

aim to collect information on the epidemiology of influenza B since 

2000 and to produce the evidence needed to help support future 

influenza prevention policies globally. The study database was 

established by contacting representatives of surveillance systems in 

over fifty countries in the Northern and Southern hemispheres and 

the inter-tropical belt. Overall, participants from thirty countries 

(accounting for over one third of world’s population) agreed to join 

the study: these were asked to make  data available originating from 

their national influenza surveillance system during recent years 

(ideally, from 2000 onwards). The data requested from each country 

included the weekly influenza-like illness/acute respiratory infection 

consultation rates; the weekly number of respiratory specimens tested 

for influenza viruses; and the weekly number of influenza-positive 

specimens by age of the patient and virus type, subtype, and lineage. 

In addition, information was collected on characteristics and features 

of the influenza surveillance system from which the provided data 

originated. The rationale and methodology of the Global Influenza B 

Study are described in detail in chapter 2. The database of the Global 

Influenza B Study has been used for the studies reported in chapters 2 

to 5 of this thesis.  
 

1.5.2 The WHO FluNet database  

We resorted to the WHO FluNet database, a publicly available, 

web-based database operated by the WHO [46-47], to conduct the 

analyses presented in chapters 6 and 7. National Influenza Centres 

(NICs) and other influenza reference laboratories that participate in the 

Global Influenza Surveillance and Response System have been entering 
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influenza surveillance data into the FluNet database since 1995. The 

FluNet database contains virological surveillance data (weekly number 

of laboratory-confirmed influenza cases by type, subtype and lineage) 

from the majority of countries in the WHO European region, which was 

a necessary condition so that the research questions of chapters 6 and 7 

could be answered in an appropriate and  valid way. 



21 

References  

1. World Health Organization. Epidemiological Surveillance 

Standards for Influenza.  

http://www.who.int/influenza/resources/documents/INFSU

RVMANUAL.pdf  

2. Polansky LS, Outin-Blenman S, Moen AC. Improved Global 

Capacity for Influenza Surveillance. Emerg Infect Dis. 2016 

Jun;22(6):993-1001 

3. De Flora S, Quaglia A, Bennicelli C, Vercelli M. The 

epidemiological revolution of the 20th century. FASEB J. 

2005 Jun;19(8):892-7 

4. de Francisco Shapovalova N, Donadel M, Jit M, Hutubessy R. 

A systematic review of the social and economic burden of 

influenza in low- and middle-income countries. Vaccine. 2015 

Nov 27;33(48):6537-44 

5. Plass D, Mangen MJ, Kraemer A, Pinheiro P, Gilsdorf A, 

Krause G, et al. The disease burden of hepatitis B, influenza, 

measles and salmonellosis in Germany: first results of the 

burden of communicable diseases in Europe study. Epidemiol 

Infect. 2014 Oct;142(10):2024-35 

6. Reed C, Chaves SS, Daily Kirley P, Emerson R, Aragon D, 

Hancock EB, et al. Estimating influenza disease burden from 

population-based surveillance data in the United States. PLoS 

One. 2015 Mar 4;10(3):e0118369 

7. Potter CW. A history of influenza. J Appl Microbiol. 2001 

Oct;91(4):572-9 

8. Valleron AJ, Cori A, Valtat S, Meurisse S, Carrat F, Boëlle PY. 

Transmissibility and geographic spread of the 1889 influenza 

pandemic. Proc Natl Acad Sci U S A. 2010 May 

11;107(19):8778-81 

9. Ansart S, Pelat C, Boelle PY, Carrat F, Flahault A, Valleron AJ. 

Mortality burden of the 1918-1919 influenza pandemic in 

Europe. Influenza Other Respir Viruses. 2009 May;3(3):99-

106 

10. Taubenberger JK. The origin and virulence of the 1918 

"Spanish" influenza virus. Proc Am Philos Soc. 2006 

Mar;150(1):86-112 

http://www.who.int/influenza/resources/documents/INFSURVMANUAL.pdf
http://www.who.int/influenza/resources/documents/INFSURVMANUAL.pdf


22 

11. Jones DS, Podolsky SH, Greene JA. The burden of disease and 

the changing task of medicine. N Engl J Med. 2012 Jun 

21;366(25):2333-8 

12. Armstrong GL, Conn LA, Pinner RW. Trends in infectious 

disease mortality in the United States during the 20th century. 

JAMA. 1999 Jan 6;281(1):61-6 

13. Elliot AJ, Fleming DM. Surveillance of influenza-like illness in 

England and Wales during 1966-2006. Euro Surveill. 

2006;11(10):249-50 

14. Declich S, Carter AO. Public health surveillance: historical 

origins, methods and evaluation. Bull World Health Organ. 

1994;72(2):285-304 

15. Hannoun C. The evolving history of influenza viruses and 

influenza vaccines. Expert Rev Vaccines. 2013 Sep;12(9):1085-

94 

16. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy 

and effectiveness of influenza vaccines: a systematic review 

and meta-analysis. Lancet Infect Dis. 2012 Jan;12(1):36-44 

17. Darvishian M, Bijlsma MJ, Hak E, van den Heuvel ER. 

Effectiveness of seasonal influenza vaccine in community-

dwelling elderly people: a meta-analysis of test-negative 

design case-control studies. Lancet Infect Dis. 2014 

Dec;14(12):1228-39 

18. Tricco AC, Chit A, Soobiah C, Hallett D, Meier G, Chen MH, et 

al. Comparing influenza vaccine efficacy against mismatched 

and matched strains: a systematic review and meta-analysis. 

BMC Med. 2013 Jun 25;11:153 

19. Ferdinands JM, Fry AM, Reynolds S, Petrie J, Flannery B, 

Jackson ML, Belongia EA. Intraseason waning of influenza 

vaccine protection: Evidence from the US Influenza Vaccine 

Effectiveness Network, 2011-12 through 2014-15. Clin Infect 

Dis. 2016 Dec 29. [Epub ahead of print] 

20. US Centers for Disease Control and Prevention. Interim 

Guidance for Influenza Outbreak Management in Long-Term 

Care Facilities. 

https://www.cdc.gov/flu/professionals/infectioncontrol/ltc-

facility-guidance.htm  

https://www.cdc.gov/flu/professionals/infectioncontrol/ltc-facility-guidance.htm
https://www.cdc.gov/flu/professionals/infectioncontrol/ltc-facility-guidance.htm


23 

21. Handel A, Longini IM Jr, Antia R. Antiviral resistance and the 

control of pandemic influenza: the roles of stochasticity, 

evolution and model details. J Theor Biol. 2009 Jan 

7;256(1):117-25 

22. World Health Organization (WHO). Global Influenza 

Surveillance and Response System (GISRS).  

http://www.who.int/influenza/gisrs_laboratory/en/   

23. Dobson J, Whitley RJ, Pocock S, Monto AS. Oseltamivir 

treatment for influenza in adults: a meta-analysis of 

randomised controlled trials. Lancet. 2015 May 

2;385(9979):1729-37 

24. Mateus AL, Otete HE, Beck CR, Dolan GP, Nguyen-Van-Tam 

JS. Effectiveness of travel restrictions in the rapid 

containment of human influenza: a systematic review. Bull 

World Health Organ. 2014 Dec 1;92(12):868-880D 

25. Cowling BJ, Lau LL, Wu P, Wong HW, Fang VJ, Riley S, 

Nishiura H. Entry screening to delay local transmission of 

2009 pandemic influenza A (H1N1). BMC Infect Dis. 2010 

Mar 30;10:82 

26. Jackson C, Vynnycky E, Hawker J, Olowokure B, Mangtani P. 

School closures and influenza: systematic review of 

epidemiological studies. BMJ Open. 2013 Feb 26;3(2) 

27. Wong VW, Cowling BJ, Aiello AE. Hand hygiene and risk of 

influenza virus infections in the community: a systematic 

review and meta-analysis. Epidemiol Infect. 2014 

May;142(5):922-32 

28. World Health Organization. Influenza: vaccine use. 

http://www.who.int/influenza/vaccines/use/en/  

29. Saunders-Hastings P, Reisman J, Krewski D. Assessing the 

state of knowledge regarding the effectiveness of interventions 

to contain pandemic influenza transmission: a systematic 

review and narrative synthesis. PLoS One. 2016 Dec 

15;11(12):e0168262 

30. Viboud C, Alonso WJ, Simonsen L. Influenza in tropical 

regions. PLoS Med. 2006 Apr;3(4):e89 

 

 

http://www.who.int/influenza/gisrs_laboratory/en/
http://www.who.int/influenza/vaccines/use/en/


24 

31. Kostova D, Reed C, Finelli L, Cheng PY, Gargiullo PM, Shay 

DK, et al. Influenza Illness and Hospitalizations Averted by 

Influenza Vaccination in the United States, 2005-2011. PLoS 

One. 2013 Jun 19;8(6):e66312 

32. Ortiz JR, Perut M, Dumolard L, Wijesinghe PR, Jorgensen P, 

Ropero AM, et al. A global review of national influenza 

immunization policies: Analysis of the 2014 WHO/UNICEF 

Joint Reporting Form on immunization. Vaccine. 2016 Oct 

26;34(45):5400-5405 

33. Breteler JK, Tam JS, Jit M, Ket JC, De Boer MR. Efficacy and 

effectiveness of seasonal and pandemic A (H1N1) 2009 

influenza vaccines in low and middle income countries: a 

systematic review and meta-analysis. Vaccine. 2013 Oct 

25;31(45):5168-77 

34. Ott JJ, Klein Breteler J, Tam JS, Hutubessy RC, Jit M, de Boer 

MR. Influenza vaccines in low and middle income countries: a 

systematic review of economic evaluations. Hum Vaccin 

Immunother. 2013 Jul;9(7):1500-11 

35. Radin JM, Katz MA, Tempia S, Talla Nzussouo N, Davis R, 

Duque J, et al. Influenza surveillance in 15 countries in Africa, 

2006-2010. J Infect Dis. 2012 Dec 15;206 Suppl 1:S14-21 

36. Paul Glezen W, Schmier JK, Kuehn CM, Ryan KJ, Oxford J. 

The burden of influenza B: a structured literature review. Am 

J Public Health. 2013 Mar;103(3):e43-51 

37. Daley AJ, Nallusamy R, Isaacs D. Comparison of influenza A 

and influenza B virus infection in hospitalized children. J 

Paediatr Child Health. 2000 Aug;36(4):332-5 

38. Purakayastha DR, Gupta V, Broor S, Sullender W, Fowler K, 

Widdowson MA, et al. Clinical differences between influenza A 

(H1N1) pdm09 & influenza B infections identified through 

active community surveillance in North India. Indian J Med 

Res. 2013 Dec;138(6):962-8 

39. Mosnier A, Caini S, Daviaud I, Nauleau E, Bui TT, Debost E, et 

al. Clinical Characteristics Are Similar across Type A and B 

Influenza Virus Infections. PLoS One. 2015 Sep 

1;10(9):e0136186 



25 

40. Ni F, Kondrashkina E, Wang Q. Structural basis for the 

divergent evolution of influenza B virus hemagglutinin. 

Virology. 2013 Nov;446(1-2):112-22 

41. Belshe RB, Coelingh K, Ambrose CS, Woo JC, Wu X. Efficacy 

of live attenuated influenza vaccine in children against 

influenza B viruses by lineage and antigenic similarity. 

Vaccine. 2010 Feb 25;28(9):2149-56 

42. Mosnier A, Caini S, Daviaud I, Bensoussan JL, Stoll-Keller F, 

Bui TT, et al. Ten influenza seasons in France: distribution 

and timing of influenza A and B circulation, 2003-2013. BMC 

Infect Dis. 2015 Aug 21;15:357 

43. Ng S, Gordon A. Influenza Burden and Transmission in the 

Tropics. Curr Epidemiol Rep. 2015;2(2):89-100 

44. Rambaut A, Pybus OG, Nelson MI, Viboud C, Taubenberger 

JK, Holmes EC. The genomic and epidemiological dynamics of 

human influenza A virus. Nature. 2008 May 

29;453(7195):615-9 

45. Vandegrift KJ, Sokolow SH, Daszak P, Kilpatrick AM. Ecology 

of avian influenza viruses in a changing world. Ann N Y Acad 

Sci. 2010 May;1195:113-28 

46. World Health Organization. FluNet. 

http://www.who.int/influenza/gisrs_laboratory/flunet/en/  

47. Flahault A, Dias-Ferrao V, Chaberty P, Esteves K, Valleron AJ, 

Lavanchy D. FluNet as a tool for global monitoring of 

influenza on the Web. JAMA. 1998 Oct 21;280(15):1330-2 
  

http://www.who.int/influenza/gisrs_laboratory/flunet/en/


26 

  



27 

Chapter 2 

Epidemiological and virological 

characteristics of influenza B: 

results of the Global Influenza B 

Study. 
 

Influenza Other Respir Viruses. 2015 Aug;9 Suppl 1:3-1 

 

Caini S, Huang QS, Ciblak MA, Kusznierz G, Owen R, Wangchuk S, 

Henriques CM, Njouom R, Fasce RA, Yu H, Feng L, Zambon M, Clara 

AW, Kosasih H, Puzelli S, Kadjo HA, Emukule G, Heraud JM, Ang 

LW, Venter M, Mironenko A, Brammer L, Mai le TQ, Schellevis F, 

Plotkin S, Paget J; Global Influenza B Study. 



28 

  



29 

2.1 Abstract 

Introduction: Literature on influenza focuses on influenza A, 

despite influenza B having a large public health impact. The Global 

Influenza B Study aims to collect information on global epidemiology 

and burden of disease of influenza B since 2000. 

Methods: Twenty-six countries in the Southern (n=5) and Northern 

(n=7) hemispheres and intertropical belt (n=14) provided virological 

and epidemiological data. We calculated proportion of influenza cases 

due to type B and Victoria and Yamagata lineages in each country and 

season; tested the correlation between proportion of influenza B and 

maximum weekly influenza like illness (ILI) rate during the same 

season; determined the frequency of vaccine mismatches; and 

described the age distribution of cases by virus type. 

Results: The database included 935 673 influenza cases (2000–

2013). Overall median proportion of influenza B was 22.6%, with no 

statistically significant differences across seasons. During seasons 

where influenza B was dominant or co-circulated (>20% of total 

detections), Victoria and Yamagata lineages predominated during 

64% and 36% of seasons, respectively, and a vaccine mismatch was 

observed in ≈25% of seasons. Proportion of influenza B was inversely 

correlated with maximum ILI rate in the same season in the Northern 

and (with borderline significance) Southern hemispheres. Patients 

infected with influenza B were usually younger (5–17 years) than 

patients infected with influenza A. 

Conclusion: Influenza B is a common disease with some 

epidemiological differences from influenza A. This should be 

considered when optimizing control/prevention strategies in different 

regions and reducing the global burden of disease due to influenza. 
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2.2 Introduction 

Seasonal influenza epidemics impose a heavy burden on 

society, with 3–5 million cases and 250 000–500 000 deaths 

worldwide every year [1].1 The resulting economic impact is large and 

includes both direct and indirect costs [2-3]. Traditionally, attention 

has been directed towards influenza A, which accounts for the 

majority of influenza cases in most seasons [4-6]; its subtypes are also 

responsible for influenza pandemics [7]. During interpandemic 

periods, however, influenza B can represent a considerable 

proportion of total cases [8]. Since the 1970s, influenza B viruses have 

belonged to two antigenically distinct lineages called the Victoria and 

Yamagata lineages [9]; this has been a challenge for seasonal 

influenza vaccines as only one influenza B strain is included in the 

trivalent vaccine. Studies in the United States have shown that the 

frequent influenza B vaccine mismatches of recent years have been 

associated with substantial increases in cases, hospitalizations and 

deaths (up to annual 970 000 cases, with 8200 hospitalizations and 

485 deaths, in the USA) [10], as well as with large influenza-related 

medical costs, and costs associated with productivity loss [11]. 

Despite the important role of influenza B, much of the 

published scientific literature regarding the epidemiology of influenza 

has focused on influenza A, and we still have a relatively poor 

understanding of global epidemiology and burden of disease of 

influenza B, especially outside Europe and the United States [8]. 

Several studies have reported on the burden of disease attributable to 

influenza B in a single season or during consecutive seasons in a 

single country [12-13], but only one study thus far has looked at the 

global epidemiology of influenza B [4]. In particular, it is very 

important to assess the epidemiology of influenza in the tropics, as 

this is where approximately 40% of the world’s population live [14], 

and influenza activity there is quite different to other world regions 

[15-16]: countries in the tropics may experience two annual peaks, 

and epidemics are not as short and intense as in the Northern and 

Southern hemispheres [17-19]. These differences can have important 

implications for effective and evidence-based decisions regarding the 

composition and period of administration of influenza vaccines. 
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2.2.1 The Global Influenza B Study 

The Global Influenza B Study (GIBS) was launched in 2012 

with the main aim of collecting information on the epidemiology and 

global burden of disease of influenza B during the past 10–15 years, to 

support future prevention policies. GIBS is a project of the Global 

Influenza Initiative, an expert scientific forum set-up to address the 

ongoing problems related to influenza worldwide. To achieve this 

objective, we contacted countries around the world during the period 

June 2013 to February 2014, requesting access to data from their 

national influenza surveillance systems. Here, we compare four 

important epidemiological and virological characteristics of influenza 

A and B in 26 countries: the proportion of influenza B over all 

influenza cases; the community impact of influenza B; the frequency 

of influenza B vaccination mismatches; and the age distribution of 

influenza A and B cases. 

 

2.3 Methods 

2.3.1. Source of data 

We contacted national influenza centres in 43 countries in the 

Northern and Southern hemispheres and the intertropical belt; 

countries were selected to represent all World Health Organization 

(WHO) influenza transmission zones [20]. All countries were asked to 

make available data originating from their national influenza 

surveillance system during recent years (ideally from 2000–2013). 

Spreadsheet data reporting templates were provided, along with 

instructions on how to report data. Each participating country was 

asked to provide the following: 

 

1. Virological data: weekly number of influenza cases reported by 

the national surveillance system, broken down by age group 

(0-5, 6-35 months, 3-4, 5-17, 18-39, 40-64 and ≥65 years); 

virus type (A versus B); and virus subtype [A(H1N1), 
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A(H3N2), A(H1N1)pdm2009, A (H1N2), A, unsubtyped] or 

lineage (B/Victoria, B/ Yamagata, B, not characterized). 

2.  Epidemiological data: weekly influenza-like illness (ILI)/ 

acute respiratory infection (ARI) rates per 100 000 population 

or 100 consultations (depending on what is routinely available 

within each national surveillance system). 

 

For countries that extend over large areas, especially when 

stretched across different climate zones (such as China and Brazil), 

we asked for data stratified by region/province, if it were available. All 

countries received a National Feedback Report shortly after providing 

the data, so that they had the opportunity to check the data they had 

sent. They were also all asked to complete a short questionnaire on 

the main features of their national influenza surveillance system (see 

Supplementary Table 2.1). The questionnaire included questions on 

the ILI/ ARI case definition in use; patients being sampled; 

representativeness of data; methods used for identification and 

characterization of influenza virus; and the population denominator. 

 

2.3.2. Epidemiological and virological indicators 

Influenza epidemics usually occur between October of a given 

year and April of the following year in countries in the Northern 

Hemisphere, and between April and October of a given year in the 

Southern Hemisphere, with greater variability observed for countries 

situated near the tropics [17]. 

For the purposes of this study, we define a season as being the 

period between the first and last week of a given year (for the tropics 

and the Southern Hemisphere) or between the 27th week of a given 

year and the 26th week of the following year (for the Northern 

Hemisphere), so that each season includes the whole period of 

increased influenza activity in each country. For conciseness, when 

looking at ‘season 2005’, we refer to 2005–2006 for countries in the 

Northern Hemisphere, and year 2005 for all other countries. For each 

country, only the seasons with at least 50 influenza reported cases 

and at least 20 weeks of data reporting were included in the analysis.  
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Analyses were conducted for all countries and then separately 

for countries situated in the Northern or Southern Hemisphere or in 

the intertropical belt (defined as the country centroid, when available, 

or the largest city being located north of the Tropic of Cancer and 

south of the Tropic of Capricorn) [21]. 

For each country and season, we calculated the percentage of 

influenza cases that were due to influenza B virus and then worked 

out its median value for countries in the Northern and Southern 

hemispheres and in the intertropical belt. Medians were compared 

using the Wilcoxon rank sum test. 

We calculated the number of seasons that were dominated by 

either lineage among those where there was a significant circulation 

of influenza B (defined as the proportion of influenza B being ≥ 20% 

of all influenza cases reported during the season). For this analysis, 

we only considered seasons where the proportion of influenza B cases 

characterized was ≥ 10%. 

An influenza B vaccine mismatch was defined as a mismatch 

between the influenza B lineage included in the vaccine and the 

lineage that caused the majority (>50%) of cases in a season with 

significant circulation of influenza B; using this definition, we 

calculated the proportion of seasons where a vaccine mismatch was 

observed. The information on vaccine composition was obtained from 

the WHO Website [22]. We calculated the percentage of vaccine 

mismatch according to three alternative scenario: (i) all tropical 

countries situated north of the equator adopting the WHO 

recommendations for the Northern Hemisphere, and vice versa; (ii) 

all tropical countries using the Northern Hemisphere WHO 

recommendation; or (iii) all tropical countries adopting the Southern 

Hemisphere WHO recommendation. 
 

2.3.2. Statistical analysis 

To explore whether there was an association between the 

magnitude of the influenza season and the proportion of influenza 

cases due to B virus type, we obtained the country-specific Z-score of 

the weekly ILI/ARI rate (defined as the number of standard 

deviations above or below the country-specific average of the ILI/ARI 

rate) and calculated the Pearson’s correlation coefficient between its 
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maximum value and the proportion of influenza B cases during each 

season. We hypothesized that a moderate-to-mild inverse correlation 

would be seen between the proportion of influenza B and the 

maximum weekly ILI/ARI rate in the Northern and Southern 

hemispheres, as influenza A viruses cause most influenza cases and 

are responsible for short and intense epidemics - especially influenza 

A(H3N2) - compared with influenza B. 

We calculated the percentage of influenza A and B cases in 

each country in each of the following age categories: 0–4, 5–17, 18–64 

and ≥65 years; we tested whether the percentage of influenza A versus 

B cases differed in each age group using a chi-square test. When the 

exact age was available, we also obtained virus type-specific median 

age and interquartile range (IQR) and used the Wilcoxon rank sum 

test to detect any differences in median age of influenza A versus B 

cases. 

All analyses were performed using Stata version 11 (StataCorp 

LP, College Station, TX, USA) and Microsoft Excel. All statistical tests 

were two-sided, and a P-value of <0.05 was considered significant. 

 

2.4 Results 

Twenty-six countries joined the Global Influenza B Study 

(Figure 2.1). China provided separate data for the northern and 

southern parts of the country [23]. Brazil provided data stratified by 

its five administrative regions: north, north-east, central-west, south-

east and south; however, as results of the analyses did not differ 

across regions, results for the whole country are shown. Participating 

countries are distributed in the Northern (n = 7) and Southern (n = 5) 

hemispheres and in the intertropical belt (n = 14), cover 16 of the 18 

WHO influenza transmission zones [20], and account for around 37% 

of the world’s population. 
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Figure 2.1. Countries participating in the Global Influenza B Study. 

April 2014. 
 

 

 

The influenza surveillance systems of the participating 

countries differ from each other (Table 2.1); in most cases, however, 

they cover the whole country, sample both outpatients and 

hospitalized patients, and send isolates to a WHO collaborating 

centre for reference. Most countries in the Northern and Southern 

hemispheres had data on ILI rates (ARI rates for Singapore), with a 

mixture of consultation and population denominators, but many 

countries in the tropics had no such data. 

Overall, 935 673 influenza cases were reported to the national 

influenza centres during 200 seasons between 2000 and 2013 (Table 

2.2). Of these, 288,130 cases (30.8%) were reported before the 

emergence of the 2009 A(H1N1) pandemic influenza. Countries 

provided a median of seven seasons, ranging from four seasons for 

Argentina, Costa Rica and Honduras, to 13 for New Zealand. The 

proportion of influenza A cases subtyped was 65.1%, and 17.1% of 

influenza B cases were characterized. The information on age was 

available for 47.6% and 59.1% of influenza A and B cases, respectively. 
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Table 2.1. Comparison of geography, demographics and main features of influenza surveillance systems of 

participating countries (from southern- to northernmost). The Global Influenza B Study. 

 

Country Latitude 
Population 
(millions)a 

Representativeness 
of data 

Patients 
sampled 

Denominator 
Lab methods for 

influenza diagnosis 

Lab methods for 
virus 

characterization 

Isolates to 
WHO for 
reference 

New Zealand 41°81′ S 4.5 regional 
outpatients, 
inpatients, 

SARI 
ILI/population sequencing 

isolates sent to 
WHO for reference 

yes 

Chile 35°82′ S 16.3 national 
outpatients, 
inpatients, 

SARI 
none PCR, culture 

hemagglutination 
inhibition, 
sequencing 

yes 

Argentina 
(Santa Fe) 

31°38' S 3.2 regional 
outpatients, 

SARI 
ILI/population 

PCR, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

South Africa 29° 05 S 53.0 regional SARI none PCR sequencing yes 

Australia 25°85′ S 23.4 national 
outpatients, 

SARI 
ILI/consultations PCR, serology, culture 

hemagglutination 
inhibition, 
sequencing 

yes 

Madagascar 19°43′ S 21.3 
regional (until 2008), 
national (afterwards) 

outpatients ILI/consultations PCR, culture 
hemagglutination 

inhibition 
yes 

Brazil 10°83′ S 201.0 national 
outpatients, 

SARI 
ILI/consultations 

PCR, 
immunofluorescence 

hemagglutination 
inhibition, 
sequencing 

yes 

Indonesia 1°66’ S 249.9 national 
outpatients, 
inpatients, 

SARI 
none PCR, culture 

hemagglutination 
inhibition, 
sequencing 

yes 

Singapore 1°22′ N 5.4 national outpatients ARI/consultations PCR 
hemagglutination 

inhibition, 
sequencing 

yes 
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Country Latitude 
Population 
(millions)a 

Representativeness 
of data 

Patients 
sampled 

Denominator 
Lab methods for 

influenza diagnosis 

Lab methods for 
virus 

characterization 

Isolates to 
WHO for 
reference 

Kenya 0°42′ S 44.4 regional 
outpatients, 

SARI 
ILI/population PCR 

isolates sent to 
WHO for reference 

yes 

Cameroon 5°68' N 20.4 regional 
outpatients, 

SARI 
none PCR 

hemagglutination 
inhibition 

yes 

Ivory Coast 7°61′ N 23.2 regional 
outpatients, 

SARI 
none PCR, culture 

hemagglutination 
inhibition 

yes 

Panama 8°57' N 3.7 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

Costa Rica 10°01' N 4.6 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

Nicaragua 12°86' N 6.1 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

El Salvador 13°78' N 6.1 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

Honduras 14°84’ N 8.2 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

Guatemala 15°74' N 15.4 national 
outpatients, 

SARI 
none 

PCR, culture, 
immunofluorescence 

isolates sent to 
WHO for reference 

yes 

Viet Nam 16°69' N 89.7 national 
outpatients, 
SARI, other 

ILI/consultations PCR, culture 
hemagglutination 

inhibition, 
sequencing 

yes 
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Country Latitude 
Population 
(millions)a 

Representativeness 
of data 

Patients 
sampled 

Denominator 
Lab methods for 

influenza diagnosis 

Lab methods for 
virus 

characterization 

Isolates to 
WHO for 
reference 

Bhutan 27°40′ N 0.7 national 
outpatients, 

SARI 
ILI/consultations PCR 

isolates sent to 
WHO for reference 

yes 

China 
(South) 

31°12′ N 769.0 national outpatients ILI/consultations PCR, culture 
hemagglutination 

inhibition 
yes 

Turkey 39°02' N 76.7 regional outpatients none PCR, culture 
hemagglutination 

inhibition 
yes 

China 
(North) 

39°54′ N 563.8 national outpatients ILI/consultations PCR, culture 
hemagglutination 

inhibition 
yes 

Italy 42°88′ N 60.0 national 
outpatients, 
inpatients, 

SARI 
ILI/population PCR 

hemagglutination 
inhibition, 
sequencing 

yes 

USA  45°62′ N 317.7 national 
outpatients, 
inpatients, 

SARI 
ILI/consultations PCR, culture 

hemagglutination 
inhibition, 
sequencing 

yes 

Ukraine 49°06' N 44.6 national 
outpatients, 

SARI 
ILI/population PCR, culture 

hemagglutination 
inhibition 

yes 

England 52°33′ N 53.0 national 
outpatients, 
inpatients 

none PCR, culture 
hemagglutination 

inhibition, 
sequencing 

yes 
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Table 2.2. Influenza cases reported to the national influenza 

surveillance system of each participating country (from southern- to 

northernmost), and percentages of cases that were subtyped, by virus 

type. The Global Influenza B Study. 
 

Country Seasons 
Influenza 
cases (n) 

Influenza A  
cases (n, %) 

Influenza B  
cases (n, %) 

Influenza A 
cases 

subtyped  
(n, %) 

Influenza B 
cases 

characterized 
(n, %) 

New Zealand 2000-12 17,629 14,664 83.2 2,965 16.8 11,670 79.6 2,128 71.8 

Australia 2001-12 179,137 150,437 84.0 28,700 16.0 67,336 44.8 924 3.2 

Chile 2008-12 11,162 9,983 89.4 1,179 10.6 9,488 95.0 646 54.8 

Argentina 
(Santa Fe) 

2009-12 683 560 82.0 123 18.0 519 92.7 123 100.0 

South Africa 2009-13 1,690 1,098 65.0 592 35.0 1,082 98.5 316 53.4 

Madagascar 2002-13 4,068 2,742 67.4 1,326 32.6 2,511 91.6 906 68.3 

Brazil 2004-12 3,282 2,399 73.1 883 26.9 0 0.0 0 0.0 

Indonesia 2003-07 3,653 2,339 64.0 1,314 36.0 2,313 98.9 662 50.4 

Kenya 2007-12 6,344 4,852 76.5 1,492 23.5 2,933 60.4 144 9.7 

Singapore 2007-12 12,001 9,690 80.7 2,311 19.3 9,690 100.0 904 39.1 

Cameroon 2009-13 733 504 68.8 229 31.2 504 100.0 0 0.0 

Ivory Coast 2007-12 1,581 975 61.7 606 38.3 867 88.9 0 0.0 

Panama 2008-13 2,191 1,868 85.3 323 14.7 1,177 63.0 0 0.0 

Costa Rica 2009-12 6,083 5,569 91.6 514 8.4 5,569 100.0 0 0.0 

Nicaragua 2007-13 5,677 4,924 86.7 753 13.3 4,427 89.9 0 0.0 

El Salvador 2006-13 2,473 1,965 79.5 508 20.5 1,348 68.6 0 0.0 

Guatemala 2006-13 4,360 3,856 88.4 504 11.6 2,441 63.3 0 0.0 

Honduras 2009-12 1,701 1,528 89.8 173 10.2 1,140 74.6 0 0.0 

Viet Nam 2006-13 8,647 5,636 65.2 3,011 34.8 5,630 99.9 0 0.0 

Bhutan 2009-13 1,350 943 69.9 407 30.1 940 99.7 0 0.0 

China 
(South) 

2006-12 122,215 86,305 70.6 35,910 29.4 76,792 89.0 14,606 40.7 

China 
(North) 

2005-12 64,306 44,350 69.0 19,956 31.0 39,931 90.0 8,040 40.3 

USA 2000-12 441,547 371,050 84.0 70,497 16.0 216,990 58.5 0 0.0 

Turkey 2006-11 2,155 1,747 81.1 408 18.9 1,597 91.4 384 94.1 
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Country Seasons 
Influenza 
cases (n) 

Influenza A  
cases (n, %) 

Influenza B  
cases (n, %) 

Influenza A 
cases 

subtyped  
(n, %) 

Influenza B 
cases 

characterized 
(n, %) 

Italy 2002-12 23,340 21,702 93.0 1,638 7.0 20,474 94.3 12 0.7 

Ukraine (a) 2000-12 1,389 1,071 77.1 318 22.9 848 79.2 234 73.6 

England 2003-13 6,276 4,710 75.0 1,566 25.0 4,710 100.0 619 39.5 

Total   935,673 757,467 81.0 178,206 19.0 492,926 65.1 30,648 17.2 

 

(a) Seasons 2001-2002 and 2003-2004 in Ukraine were not included as the number of reports 

influenza cases was <50 

 

The proportion of influenza cases due to type B virus was 

<20% for 90 seasons, 20-50% for 82 seasons and ≥50% for 28 

seasons; the median percentage was 22.6% (IQR 8.3-37.7%). Figure 

2.2 shows the distribution of seasons according to the proportion of 

influenza cases caused by type B virus, separately for countries 

situated in the Northern or Southern Hemisphere or in the 

intertropical belt. The median proportion of influenza B over all 

influenza seasons was 17.8% in the Southern Hemisphere (IQR 3.5%-

30.4%; 39 seasons), 24.3% in the intertropical belt (IQR 10.2%-

40.8%; 94 seasons) and 21.4% in the Northern Hemisphere (IQR 

7.3%–38.0%; 67 seasons). The P-value for the comparison of the 

median proportion of influenza B in the Southern Hemisphere versus 

the intertropical belt was borderline significant (0.07) and not 

significant for the other comparisons. 
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Figure 2.2. Distribution of influenza seasons by proportion of influenza B cases and geographical area 

(Southern Hemisphere, intertropical belt and Northern Hemisphere). The Global Influenza B Study. April 

2014. Purple bar presents median. Pink bars indicate 25% and 75% percentiles. 
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A measure of ILI (or ARI) rate was available for 106 seasons. 

The Spearman’s rank correlation coefficient for the association 

between the proportion of influenza B during a given season and the 

maximum ILI rate Z-score during the same season was -0.31 in the 

Southern Hemisphere [95% confidence interval (CI) -0.64 to 0.12; 23 

seasons], -0.09 in the intertropical belt (95% CI -0.43 to 0.26; 32 

seasons) and -0.31 in the Northern Hemisphere (95% CI -0.54 to -

0.04; 51 seasons) (Figure 2.3). 
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Figure 2.3. Proportion of influenza B and maximum influenza-like illness (ILI) rate (Z-score) during each 

season, by geographical area (Southern Hemisphere, intertropical belt and Northern Hemisphere). The Global 

Influenza B Study. April 2014. 
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The proportion of influenza B cases that were characterized 

was ≥10% for 79 of the 200 seasons. If one assumes that all countries 

in the intertropical belt used the WHO recommendations for the 

hemisphere they are situated or the WHO recommendation for the 

Southern Hemisphere, an influenza B vaccine mismatch was seen in 

19 of 79 seasons (24–25%): 11 of 36 seasons in the Northern 

Hemisphere (31%), six of 22 seasons in the Southern Hemisphere 

(27%) and two of 21 seasons in the intertropical belt (10% or 14%) 

(Supplementary Table 2.2). If one assumes the WHO 

recommendation for the Northern Hemisphere was followed, the 

results are very similar: there were a total of 20 mismatches and three 

mismatches for the intertropical belt countries. 

Influenza B accounted for 20% or more of all influenza cases 

during 50 of these 79 seasons: Victoria and Yamagata lineages 

predominated in 32 (64%) and 18 (36%) seasons, respectively. Also, 

the Victoria and Yamagata lineages often co-circulate in the same 

season: in 16 of 50 seasons, both lineages accounted for at least 20% 

of influenza B cases (Supplementary Table 2.2). 

Supplementary Table 2.3 presents the age distribution of A 

versus B influenza cases in each country. A consistent finding across 

most countries is a younger age for influenza B versus A cases. In 

particular, there was a consistently higher proportion of influenza B 

cases in the 5–17 years age group, and A cases in the 18–64 years age 

group in Southern and Northern Hemisphere countries (except South 

Africa, Brazil, Turkey and Ukraine) and in some countries of the 

intertropical belt (Madagascar, Indonesia, Singapore, Costa Rica, 

Nicaragua, Guatemala and Vietnam). Influenza B cases were also 

younger than A cases in Panama, El Salvador and Honduras, where 

there was a higher proportion of B cases among patients aged 0–4 

years. No differences in age distribution were observed in Kenya, 

Cameroon and the Ivory Coast; these were the only countries where 

over 50% of all influenza cases were aged ≤4 years. Finally, influenza 

A cases were older than B cases in South Africa, Brazil, Turkey and 

Ukraine. 
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2.5 Discussion 

The GIBS was conceived and implemented to obtain a better 

understanding of the global epidemiology of influenza B, with a 

particular focus on the tropics, which have been relatively neglected 

by the research so far [8]. Our main finding was that influenza B is a 

common virus in the 21st century, representing roughly 20% of all 

cases reported to national influenza centres in 26 countries around 

the world during 2000–2013. Although the differences were not 

statistically significant, there is some evidence of geographical 

variability in the occurrence of influenza B around the world, with it 

being most common in the tropics (median 24.3%) and least common 

in the Southern Hemisphere (17.8%). We found that influenza B 

rarely represented over 50% of flu cases (once every seven seasons) 

and was generally associated with lower rates of ILI in the Northern 

and (with borderline significance) Southern hemispheres. We also 

found that there was frequently a vaccine mismatch when influenza B 

circulated in a country; this happened more often in the Northern and 

Southern hemispheres compared with the tropics. Finally, influenza B 

generally affected younger persons than influenza A, with the former 

mainly affecting school-aged children (aged 5–17 years) and the latter 

adults (aged 18–64 years). 

It is not yet clear what causes the differences in influenza 

epidemiology (including timing, periodicity and patterns of 

transmission) in the tropics compared with the Southern and 

Northern hemispheres [15]. The non-significant higher proportion of 

influenza B in the tropics may simply reflect the relatively higher 

proportion of children, who are the most affected age group, in most 

countries of this region compared to the Northern and Southern 

hemispheres. It would, however, be necessary to calculate age-specific 

incidence rates of influenza to confirm or refute this hypothesis. 

Future research should prioritize the study of influenza epidemiology 

in this very populous area of the world, to optimize prevention 

strategies and the composition and timing of administration of the 

influenza vaccine. 

The divergent results of the correlation between the 

proportion of influenza B and peak of ILI rate mirror the differences 
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in influenza epidemiology in temperate and tropical countries, with 

short epidemics and greater year-to-year fluctuations for influenza A 

than B in the former4 and a year-round influenza activity and higher 

average proportion of B in the latter [17]. It is usually not possible to 

predict with reasonable accuracy the impact of the upcoming 

influenza season based on historical data [24], and we have shown 

that Victoria and Yamagata lineages often co-circulate in the same 

season (Supplementary Table 2.2). The frequency of vaccine 

mismatch has been high in recent years (≈24-25% in the GIBS 

database), but its potential consequences in terms of influenza cases, 

influenza-related deaths and economic costs are difficult to estimate 

at the beginning of an influenza season. This has important 

implications for vaccination strategies, including the decision to adopt 

a quadrivalent influenza vaccine [10]. 

Differences in the age distribution of influenza A versus B 

patients across countries may be explained in a variety of ways, 

including differences in the age structure of the population and in the 

national influenza surveillance systems (e.g. whether the latter is 

mainly outpatient or hospital based). Inequalities in access to health 

care by age or the presence of comorbidities (children and older 

patients are more likely to see a general practitioner or be taken to 

hospital, and therefore be sampled, compared with adults over 18 

years of age) may also affect the age distribution of influenza cases. In 

some countries (e.g. Cameroon and Kenya), the lack of differences in 

age distribution may be due to the small number of influenza cases in 

those age categories where the differences are most frequently 

observed, that is 5-17 and 18-64 years. Finally, the percentage of 

influenza A cases due to seasonal and pandemic A(H1N1) and 

A(H3N2) subtypes may differ across GIBS countries (especially as a 

consequence of each country providing data for different influenza 

seasons), so comparing B versus A as a whole may be suboptimal – 

virus A subtypes may preferentially affect people of different age 

groups [25]. A more in-depth analysis of age distribution across virus 

subtypes and lineages will be the topic of a future GIBS publication. 

The major limitation of our study lies in the differing 

characteristics of the national influenza surveillance systems of 

participating countries. In particular, the different definitions of ILI 

(or ARI) that are in use and the differences in the sources of patients 
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included in the national databases (outpatients, hospitalized patients, 

severe ARI patients) may reduce the comparability of data across 

countries. Some world regions (such as northern Africa and central 

Asia) are currently not represented in our database, which somewhat 

lessens the generalizability of our results. However, the GIBS 

database already includes more than 900 000 influenza cases and is 

still growing; in the future, therefore, it will be possible to address 

specific questions on subsets of cases with common characteristics. 

Large countries may have very different epidemiological patterns at a 

regional level and climatic characteristics, and in those cases, the lack 

of stratified data may prevent the execution of analyses with the 

required level of detail. For some countries, regional data are 

available (e.g. Brazil and China), but in other countries, for example 

the United States and Australia, it remains an issue. 

 

2.5.1 Conclusion 

This study indicates that it is important to take into 

consideration influenza B in the epidemiology of seasonal influenza, 

as it often co-circulates with influenza A and accounts for roughly 

20% of total cases in all regions of the world, despite it rarely being 

the dominant strain. We believe that global data on the epidemiology 

of influenza B, as those produced by the GIBS, are needed on a 

continuing basis to help optimize influenza prevention policies and 

determine the public health value of introducing influenza vaccines 

containing two B lineages. In particular, we recommend that future 

studies exploit the potential of the GIBS database, with its age-

specific data, to assess the benefits of adopting influenza vaccination 

in different regions of the world, and tailor the vaccination campaigns 

to each country’s requirements. 
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Chapter 3 

Analysis of the age of influenza 

cases by virus type and subtype 
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surveillance data from twenty-
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3.1 Abstract 

Influenza disease burden varies by age and this has important public 

health implications. We compared the proportional distribution of 

different influenza virus types within age strata using surveillance 

data from twenty-nine countries during 1999-2014 (N=358,796 

influenza cases). For each virus, we calculated a Relative Illness Ratio 

(defined as the ratio of the percentage of cases in an age group to the 

percentage of the country population in the same age group) for 

young children (0-4 years), older children (5-17 years), young adults 

(18-39 years), older adults (40-64 years), and the elderly (65+ years). 

We used random-effects meta-analysis models to obtain summary 

relative illness ratios (sRIRs), and conducted meta-regression and 

sub-group analyses to explore causes of between-estimates 

heterogeneity. The influenza virus with highest sRIR was A(H1N1) for 

young children, B for older children, A(H1N1)pdm2009 for adults, 

and (A(H3N2) for the elderly. As expected, considering the diverse 

nature of the national surveillance datasets included in our analysis, 

between-estimates heterogeneity was high (I2>90%) for most sRIRs. 

The variations of countries’ geographic, demographic and economic 

characteristics and the proportion of outpatients among reported 

influenza cases explained only part of the heterogeneity, suggesting 

that multiple factors were at play. These results highlight the 

importance of presenting burden of disease estimates by age group 

and virus (sub)type. 

 



54 

3.2 Introduction 

Several studies have shown that the disease burden and costs 

of influenza vary considerably by age group [1-2]. Among adults, 

influenza is usually a self-limiting disease and the social costs are 

mainly due to loss of productivity and workdays and to absenteeism 

due to the need to care for family members [3]. At the extremes of age 

there is a much higher risk of complications, hospitalization and 

influenza-associated death [4-5], especially among older people with 

underlying conditions such as chronic heart disease or diabetes [6]. In 

these age groups, the costs for society are mainly related to 

healthcare. 

The influenza burden of disease varies substantially across 

seasons [1]. This depends on the circulating virus strains and, where 

vaccination campaigns are implemented, on the vaccine uptake rate 

as well. Overall, the disease burden of influenza is thought to be 

higher in seasons dominated by A(H3N2) or A(H1N1)pdm2009 

influenza viruses, and lower in seasons where pre-pandemic A(H1N1) 

or influenza B account for the majority of cases [7-8]. 

The dependency of the disease burden in a given season on 

circulating influenza virus (sub)types  may be due to two factors that 

are complementary to each other. On one hand, influenza viruses may 

differ between one another in terms of their ability to induce a severe 

or complicated clinical illness, for instance by favouring bacterial co-

infections, worsening of underlying conditions, or other life-

threatening events. This hypothesis has been questioned by studies 

showing that there were only negligible differences in the age-

adjusted clinical presentation and severity of the illness caused by 

different influenza virus types and subtypes [9-12]. On the other 

hand, the influenza viruses may differ between one another in how 

frequently they affect certain age groups. For instance, school-age 

children are more affected during influenza seasons dominated by 

pre-pandemic A(H1N1) and B virus strains than during A(H3N2)-

dominated season [13]. 
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The age distribution of influenza cases is likely to be affected 

by several other factors beyond the mix of circulating virus 

(sub)types, which may vary considerably in space and time. These 

include the country’s demographic and geographic characteristics, the 

implementation of vaccination campaigns against influenza, and past 

epidemics that affect the immunity of the different population age 

groups. In addition, how the influenza surveillance system is 

structured, the general perception of the severity of the season (for 

example, during the 2009 pandemic), and health care seeking 

behaviour may determine how many and what influenza cases are 

seen in each season and country. The availability of a global database 

with age-specific data enables an analysis of patterns across different 

settings and facilitates stronger conclusions, provided there is careful 

examination of how the age distribution of influenza cases fluctuated 

across countries and seasons, and investigating the influence of 

potential confounding factors.   

Here, we compared the proportional distribution of different 

influenza virus (sub)types  within age strata using the database of the 

Global Influenza B Study (GIBS). 

 

3.3 Methods 

3.3.1 Sources of data and definitions 

The GIBS was launched in 2012 with the aim of increasing the 

scientific evidence needed to optimize the influenza prevention 

policies worldwide [14]. Experts from over fifty countries from all 

continents were invited to provide data on the weekly number of 

influenza cases reported to their national influenza surveillance 

system during recent years (ideally, from 2000 onwards) 

(N=948,646). Importantly, and in contrast to other global 

surveillance databases (e.g. FluNet) [15], the GIBS database also 

includes the age (exact age or age group) of each reported influenza 

case. From large countries we asked to provide data stratified at a 

sub-national level, if available (for brevity, we will use the term 

“country” to refer to a whole country or to a sub-national region of it 
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hereinafter). Experts from participating countries were also requested 

to describe the main characteristics of their influenza surveillance 

system.  

Country-specific geographic, demographic and socioeconomic 

information necessary for the analyses was derived from the US 

Central Intelligence Agency World Factbook website [16]. This 

includes information on the population age structure, the ageing 

index (defined as the number of people aged 65 years or older per 

hundred people aged 14 years or younger), the latitude of the 

population centroid (when available) or of the largest city, and the per 

capita gross domestic product (GDP). In terms of latitude, a country 

was considered as being situated in the Northern or Southern 

hemisphere or in the inter-tropical belt based on the latitude of its 

centroid/largest city. 

 

3.3.2 Statistical analysis 

For brevity, we will describe the outcome variable by referring 

to “influenza”, and the method was applied to A(H1N1), 

A(H1N1)pdm2009, A(H3N2), and  influenza B viruses separately; 

influenza cases that could not be classified in an unambiguous way to 

any of the above (for instance, those classified as “unsubtyped 

influenza A”) were not included in the analysis. The statistic used to 

describe the age distribution of influenza cases in each season and 

country is the Relative Illness Ratio (RIR) [17], which is defined as the 

ratio of the percentage of influenza cases in a given age group to the 

percentage of the general population belonging to the same age 

group. We considered the following age groups: 0-4 years (referred to 

as “young children” hereinafter), 5-17 years (“older children”), 18-39 

years (“young adults”), 40-64 years (“older adults”), and 65+ years 

(“elderly”). A RIR was calculated for each of these five age groups in 

each influenza season in which there were at least 100 reported 

influenza cases overall; 95% confidence intervals (95% CI) were 

calculated by using an exact method based on the Poisson distribution 

[18]. 

When calculating a RIR, the null hypothesis is that the chance 

of being infected with influenza is the same for all people irrespective 
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of their age, implying an age distribution of influenza cases perfectly 

equal to that of the general population and the RIR equal to 1 in each 

age group. Therefore, a RIR equal to 3 for influenza B in the age group 

5-17 years would mean that, in that season, the proportion of 

influenza B cases aged 5-17 years was three times the proportion of 

the general population of the same age group, i.e. three times higher 

than expected if all age groups would be equally affected by influenza. 

All RIRs obtained in the different seasons and countries were 

pooled into a summary Relative Illness Ratio (sRIR) (separately for 

each age group) through random-effects meta-analysis models by 

using the method by DerSimonian and Laird [19]. Comparisons 

between pairs of sRIRs were conducted, within each age group, 

through meta-regression models that included an interaction term for 

the virus (sub)type. 

We assessed the between-estimates heterogeneity by using the 

I2 statistics, which can be interpreted as the percentage of total 

variation that is attributable to heterogeneity [20]. We expected a 

high degree of heterogeneity (this was an a priori consideration), as 

many factors combine to determine the age distribution of influenza 

surveillance cases in any given country and season.  In order to assess 

this point in detail, we fitted meta-regression models and performed 

sub-group analysis to explore possible correlates of between-

estimates heterogeneity, using the proportion of outpatients among 

reported influenza cases, the percentage of all influenza cases caused 

by each influenza virus (sub)type in the same or in the previous 

season, and the country’s latitude, ageing index and per capita GDP.  

All analyses were conducted using Stata version 14 (Stata 

Corp, College Station, TX). We used the metan command (with the 

option random) to pool the country- and season-specific RIR into a 

sRIR, obtain forest plots, and calculate the I2 statistics [21]. The study 

of between-estimates heterogeneity was conducted by using the 

metareg command [21]. Maps were prepared using freely available 

software (http://mapchart.net/).  

All statistical tests were two-sided, and p-values of less than 

0.05 were considered as statistically significant. 
 

 

http://mapchart.net/
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3.3.3 Comparing the age of influenza cases 

The interpretation of sRIRs requires caution. The age 

distribution of patients infected with any given influenza virus in each 

season and country is affected by a number of socio-economic factors, 

including healthcare seeking behaviour, influenza testing by age, and 

the way primary and hospital care are organized and delivered. The 

chance of seeking medical attention (and consequently being seen by 

an influenza surveillance system) once a person is infected is very 

probably not the same in all age groups across all participating 

countries. For instance, children and the elderly might be over-

represented in both general practitioners- and (especially) hospital-

based surveillance systems, as they seek medical attention more 

frequently when they are sick compared to adults. Therefore, we 

believe a “same virus, different age groups” approach (i.e. a 

comparison of sRIRs between people of different age groups infected 

with the same influenza virus) is not correct. In other words, it is not 

possible to answer the question “Are young children more or less 

affected than adults (or another age group) by influenza and by how 

much?” by inferring from the age distribution of cases reported to the 

influenza surveillance system.  

Instead, there is no major obstacle in ranking the sRIRs for 

people of the same age group who are infected with different influenza 

virus (sub)types (“different viruses, same age group” approach). As 

mentioned, there are only minor differences in the clinical presentation 

of influenza illness produced by the different virus types within each age 

group [9-12]. This implies that the likelihood of seeking medical 

attention is likely to be similar for people of any given age group in the 

same country who are infected with different influenza viruses. It is 

therefore possible to answer the question “Are young children more or 

less affected by influenza B compared to influenza A(H3N2)?”.  
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3.4 Results 

The GIBS database that was used for the analysis included 

358,768 influenza cases reported between 1999 and 2014 in twenty-

nine countries (Table 3.1 and Figure 3.1), of which four were in the 

Southern hemisphere, fifteen in the inter-tropical belt, and ten in the 

Northern hemisphere. In detail, there were 19,873 influenza A(H1N1) 

cases from 33 seasons in twelve countries; 151,685 influenza 

A(H1N1)pdm2009 cases from 60 seasons in twenty-five countries; 

83,791 influenza A(H3N2) cases from 102 seasons in twenty-six 

countries; and 103,419 influenza B cases from 93 seasons in twenty-

six countries.  

 

Figure 3.1. Countries included in the analysis on the age distribution of 

influenza cases by virus type and subtype. The Global Influenza B Study, 

1999-2014. 
 

 

The map was prepared using freely available software (http://mapchart.net/). 

  

http://mapchart.net/
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Table 3.1. Selected features of countries included in the study of age distribution of influenza cases. The Global 

Influenza B Study, 1999-2014. 

 

Country Latitude (a) 
Population 

(million) 
Ageing 

index (b) 

GDP per 
capita 
(USD) 

Outpatients (c) 

No. influenza cases (seasons) in the analysis: 

A(H1N1) 
A(H1N1) 

pdm2009 
A(H3N2) B 

Southern hemisphere 

New Zealand 41.8 S 4.5 0.72 30,400 30% 2,274 (5) 3,763 (3) 4,840 (8) 2,763 (7) 

Chile 35.8 S 16.6 0.48 19,100 5% 403 (1) 5,399 (3) 3,540 (3) 897 (2) 

South Africa 29.0 S 53 0.22 11,500 0% 0 432 (3) 421 (3) 527 (3) 

Australia 25.8 S 23.4 0.84 43,000 50% 3,614 (6) 50,096 (4) 13,286 (9) 28,673 (12) 

Inter-tropical belt 

Madagascar 19.4 S 21.3 0.08 1,000 100% 109 (1) 1,101 (2) 579 (4) 1,004 (4) 

Brazil (d) 10.8 S 201 0.32 12,100 NA 0 0 0 665 (4) 

Ecuador 2.0 S 15.4 0.24 10,600 0% 0 673 (2) 713 (3) 185 (1) 

Indonesia 1.7 S 237.4 0.25 5,200 95% 720 (2) 0 1,397 (4) 1,281 (4) 

Kenya 0.4 S 44.4 0.07 1,800 40% 365 (2) 1,285 (3) 1,183 (5) 1,454 (5) 

Singapore 1.2 N 5.4 0.63 62,400 100% 0 2,634 (3) 1,436 (3) 1,483 (3) 

Cameroon 5.7 N 22.5 0.07 2,400 90% 0 0 259 (2) 102 (1) 

Ivory Coast 7.6 N 23.2 0.09 1,800 83% 0 344 (2) 171 (1) 446 (2) 
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Country Latitude (a) 
Population 

(million) 
Ageing 

index (b) 

GDP per 
capita 
(USD) 

Outpatients (c) 

No. influenza cases (seasons) in the analysis: 

A(H1N1) 
A(H1N1) 

pdm2009 
A(H3N2) B 

Panama 8.6 N 3.7 0.28 16,500 39% 0 744 (1) 321 (2) 154 (1) 

Costa Rica 10.0 N 4.6 0.3 12,900 27% 0 4,069 (2) 1,026 (4) 387 (2) 

Nicaragua 12.9 N 6.1 0.16 4,500 43% 0 3,113 (3) 1,089 (4) 699 (3) 

El Salvador 13.8 N 6.1 0.25 7,500 22% 0 858 (2) 317 (2) 437 (3) 

Honduras 14.8 N 8.2 0.11 4,800 56% 0 656 (2) 277 (2) 0 

Guatemala 15.7 N 15.4 0.12 5,300 72% 263 (1) 1,681 (3) 169 (1) 316 (2) 

Viet Nam 16.7 N 89.7 0.23 4,000 40% 1,218 (2) 1,368 (3) 2,781 (6) 2,982 (8) 

Northern hemisphere 

Bhutan 27.4 N 0.7 0.22 2,600 97% 0 510 (2) 130 (1) 101 (1) 

China South (e) 31.1 N 969.4 0.56 9,800 100% 5,530 (5) 40,754 (2) 30,299 (7) 35,910 (8) 

Morocco 32.0 N 33.2 0.24 5,500 70% 0 2,076 (2) 354 (2) 0 

Turkey 39.0 N 76.7 0.26 15,300 100% 1,298 (2) 0 0 289 (1) 

Portugal 39.3 N 10.4 1.17 22,900 97% 0 648 (3) 2,085 (8) 733 (4) 

China North (e) 39.5 N 370.9 0.56 9,800 100% 3,900 (5) 22,951 (3) 13,054 (7) 19,956 (7) 

Italy 42.9 N 59.9 1.52 29,600 60% 0 3,880 (2) 1,900 (2) 493 (1) 

Kazakhstan 48.0 N 17.9 0.28 14,100 5% 0 108 (1) 421 (3) 163 (1) 

Ukraine 49.1 N 44.6 1.14 7,400 NA 0 104 (1) 0 0 
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Country Latitude (a) 
Population 

(million) 
Ageing 

index (b) 

GDP per 
capita 
(USD) 

Outpatients (c) 

No. influenza cases (seasons) in the analysis: 

A(H1N1) 
A(H1N1) 

pdm2009 
A(H3N2) B 

England (f) 52.3 N 53 0.91 37,300 57% 179 (1) 2,438 (3) 1,743 (6) 1,319 (3) 

      
19,873 

(33) 
151,685 

(60) 
83,791 
(102) 

103,419 
(93) 

 

(a) Latitude of centroid (when available) or largest city. 

(b) Defined as the number of people aged 65 years or older per hundred people aged 14 years or younger 

(c) Proportion of outpatients among reported influenza cases. 

(d) Information on subtype of influenza A cases was not available for Brazil. 

(e) Ageing index and GDP per capita of China (whole country).  

(f) Ageing index and GDP per capita of United Kingdom. 

NA: not available 
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The overall age distribution of influenza cases was as follows: 

19% in young children, 33% in older children, 30% in young adults, 

14% in older adults and 4% in the elderly. The sRIRs for each 

influenza virus (sub)type by age group are reported in Table 3.2. The 

sRIR for young children was highest for influenza A(H1N1) (3.57, 

95%CI 3.00-4.14) and lowest for influenza A(H1N1)pdm2009 (2.93, 

95%CI 2.68-3.19); for older children, the sRIR was highest for 

influenza B (1.69, 95%CI 1.53-1.85) and lowest for influenza A(H3N2) 

(1.04, 95%CI 0.93-1.14); for both young and older adults, it was 

highest for influenza A(H1N1)pdm2009 (0.94, 95%CI 0.87-1.01 and 

0.62, 95%CI 0.55-0.69, respectively) and lowest for influenza B (0.65, 

95%CI 0.59-0.71 and 0.41, 95%CI 0.37-0.45, respectively); for the 

elderly it was highest for influenza A(H3N2) (0.74, 95%CI 0.66-0.83) 

and lowest for influenza A(H1N1) (0.16, 95%CI 0.12-0.20). The 

between-estimates heterogeneity was large, as it exceeded 95% for all 

of the sRIRs among young children, older children and young adults, 

and was above 90% for all of the sRIRs calculated among older adults 

and the elderly (with the only exception of the elderly infected with 

influenza A(H1N1), where it was 73.9%) (Table 3.2). Because of the 

large between-estimates heterogeneity, the summary estimates 

should not be interpreted in a precise manner, and the reported 95% 

confidence intervals most likely underestimate the real uncertainty in 

the data and should be considered with caution.  

Latitude, ageing index, GDP per capita and the proportion of 

outpatients among reported influenza cases were significantly 

(p<0.05) correlated with sRIRs for most influenza virus (sub)types 

and age groups (Table 3.3). Countries’ geographic, demographic, 

economic and epidemiological characteristics explained a smaller part 

of between-estimates heterogeneity for A(H1N1) compared to the 

other influenza virus (sub)types. 
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Table 3.2. Summary Relative Illness Ratio (sRIR), lower and upper 

95% confidence intervals (CI), and between-estimates heterogeneity 

(as measured by the I2 statistics) for A(H1N1), A(H1N1)pdm2009, 

A(H3N2) and B influenza virus within each age group. The Global 

Influenza B Study, 1999-2014. 

  

Influenza virus sRIR lower CI (a) upper CI (a) I2 

Young children (0-4 years) 

A(H1N1) 3.57 3.00 4.14 97.5% 

A(H1N1)pdm2009 2.28 2.10 2.46 97.8% 

A(H3N2) 3.30 2.95 3.64 98.2% 

B 2.93 2.68 3.19 97.5% 

Older children (5-17 years) 

A(H1N1) 1.36 1.19 1.54 95.2% 

A(H1N1)pdm2009 1.23 1.02 1.45 99.5% 

A(H3N2) 1.04 0.93 1.14 97.2% 

B 1.69 1.53 1.85 98.4% 

Young adults (18-39 years) 

A(H1N1) 0.84 0.72 0.96 97.1% 

A(H1N1)pdm2009 0.94 0.87 1.01 97.5% 

A(H3N2) 0.73 0.68 0.78 96.0% 

B 0.65 0.59 0.71 98.1% 

Older adults (40-64 years) 

A(H1N1) 0.49 0.41 0.57 95.2% 

A(H1N1)pdm2009 0.62 0.55 0.69 98.7% 

A(H3N2) 0.59 0.55 0.63 93.5% 

B 0.41 0.37 0.45 96.6% 
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(a) Because of the between-estimates heterogeneity being above 50%, the reported 95% CI very 

likely underestimate the real uncertainty in the data, and should be considered with caution. 

 

  

Influenza virus sRIR lower CI (a) upper CI (a) I2 

Elderly (65+ years) 

A(H1N1) 0.16 0.12 0.20 73.9% 

A(H1N1)pdm2009 0.27 0.24 0.31 94.7% 

A(H3N2) 0.74 0.66 0.83 95.2% 

B 0.38 0.33 0.43 92.4% 
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Table 3.3. Between-estimates heterogeneity (as measured by the I2 

statistics) for summary relative illness ratio calculated for each 

influenza virus within each age group, and variables significantly 

(p<0.05) correlating with them. The Global Influenza B Study, 1999-

2014. 

 

Influenza virus I2 

Variables significantly (p<0.05) correlating with sRIRs 

Latitude 

% of cases 
in the 
same 

season 

% of cases 
in the 

previous 
season 

Ageing 
index 

GDP per 
capita 

% 
outpatients 

(a)  

Young children (0-4 years) 

A(H1N1) 97.5% 
      

A(H1N1)pdm2009 97.8% x x 
   

x 

A(H3N2) 98.2% 
   

x x x 

B 97.5%       x x x 

Older children (5-17 years) 

A(H1N1) 95.2% 
   

x 
  

A(H1N1)pdm2009 99.5% x x 
   

x 

A(H3N2) 97.2% x 
  

x 
 

x 

B 98.4% x   x x x x 

Young adults (18-39 years) 

A(H1N1) 97.1% 
   

x x 
 

A(H1N1)pdm2009 97.5% x 
  

x x 
 

A(H3N2) 96.0% x 
  

x 
 

x 

B 98.1% x x   x x   

Older adults (40-64 years) 

A(H1N1) 95.2% 
      

A(H1N1)pdm2009 98.7% 
  

x 
  

x 

A(H3N2) 93.5% 
   

x x 
 

B 96.6% x x   x x   



67 

Influenza virus I2 

Variables significantly (p<0.05) correlating with sRIRs 

Latitude 

% of cases 
in the 
same 

season 

% of cases 
in the 

previous 
season 

Ageing 
index 

GDP per 
capita 

% 
outpatients 

(a)  

Elderly (65+ years) 

A(H1N1) 73.9% 
      

A(H1N1)pdm2009 94.7% x 
  

x x x 

A(H3N2) 95.2% x 
  

x 
 

x 

B 92.4% x         x 

 

GDP: gross domestic product. 

(a) Proportion of outpatients among reported influenza cases. 

 

Inspection of stratified sRIRs revealed some additional 

patterns. Pre-pandemic A(H1N1) was the most frequent virus subtype 

in the 0-4 years age group only in the Northern hemisphere, while 

A(H3N2) prevailed in the inter-tropical belt and the Southern 

hemisphere. The proportion of outpatients among reported cases 

consistently affected the sRIRs among young children and the elderly 

(sRIR was highest when the proportion of outpatients accounted for 

less than 40% in the data), and the country’s demographic structure 

consistently affected the sRIRs among older children and young 

adults (sRIR was highest when ageing index >0.50). Importantly, the 

stratified analysis indicated that the results for countries with 70% or 

more reported influenza cases from outpatients mirror those for the 

whole database, with pre-pandemic A(H1N1), B, pandemic 

A(H1N1)2009 and A(H3N2) being the most frequently detected virus 

strain among young children, older children, young adults and the 

elderly, respectively. For the other variables, the pattern of sRIRs 

across values was inconsistent across influenza virus (sub)types, 

making it difficult to identify a clear pattern. The between-estimates 

heterogeneity remained very high (>90%) for most stratified sRIRs, 

irrespective of the influenza virus (sub)type and age group.  
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3.5 Discussion 

We compared the age distribution of influenza cases across 

different influenza viruses relative to that of the general population 

using the GIBS database, which encompasses case-based influenza 

data from twenty-nine countries during 1999-2014. We found that 

each influenza virus had a relatively higher frequency in a certain age 

group: influenza A(H1N1) appeared to be relatively more frequent 

among young children, B among older children, A(H1N1)pdm2009 

among young and older adults, and A(H3N2) among the elderly. 

These results were confirmed in the analysis limited to countries with 

most reported influenza cases coming from the outpatient setting. In 

addition, the RIR was highest for young children and lowest for older 

adults and the elderly whatever the virus strain examined, suggesting 

that the young children are the age group most affected by influenza 

in relation to their size in the country’s population. Importantly, 

however, because of the possible over-representation of children and 

elderly people in our study sample and of the large (but expected) 

heterogeneity, we have restrained ourselves from, and cautioned 

against, interpreting the point estimates in a precise way. In addition, 

it is very likely that the confidence intervals underestimate the real 

uncertainty in the data. As a result, we have limited ourselves to 

ranking the sRIRs for the different influenza virus (sub)types within 

any given age group (i.e. following a “different viruses, same age 

group” approach, as explained), and to drawing more cautious 

conclusions regarding the results. 

Many factors affect the probability of being infected with 

influenza and of being captured by a national influenza surveillance 

system in each age group. The factors include epidemiological 

characteristics like the number of effective contacts among 

susceptible people, the country’s population density and mobility [22-

23], the typical family composition and the average number of people 

living in a household [24-25], and the pattern of contacts between 

people of different age groups [26-28]. Other important factors 

include influenza vaccine uptake and how national surveillance 

systems are structured (e.g. community and/or hospital based). These 



69 

many factors, and the virus strains that are circulating, interact in a 

complex way to produce a net effect that defines the cases that are 

captured by the national surveillance systems. This situation may 

explain the large degree of heterogeneity in our data, which persisted 

also when conducting the stratified analysis. Because of this, we opted 

to (i) analyse our data by age group (to control for some of the factors 

listed above, e.g. the different  probability by age of being tested and 

therefore being reported to the national surveillance system), (ii) 

present patterns for each influenza virus (sub)type, and (iii) draw 

cautious conclusions and avoid giving precise effect estimates. 

The main strength of our study is the wealth of data included 

in the GIBS database and the large diversity of countries in terms of 

their geographical, socio-economic and epidemiological 

characteristics. This allowed us to investigate simultaneously the 

effect of several factors on the age distribution of influenza cases 

relative to that of the general population, which would not have been 

possible by using data from a single country (or a few countries that 

are very similar to one another) or for a limited number of seasons. 

The large heterogeneity in the data prevented us from quantifying the 

effect of the virus (sub)type on the age distribution of influenza cases 

in a precise way, and therefore, to answer in a definitive way our 

study question. However, the adoption of a meta-analytical approach 

allowed us to describe the between-estimates heterogeneity both 

analytically and graphically, and was especially useful in exploring the 

many factors that contribute to determine the age distribution of 

influenza cases in any given country and season.  

The main limitation of the paper is its reliance on data that 

was not purposely collected to answer the main study question. 

Passive influenza surveillance systems only allow inferences regarding 

medically-attended influenza virus infections, and are inherently 

unable to capture infected people who do not seek medical care. 

While this does not represent a limitation for the main goals of 

surveillance (i.e. early warning of epidemics), the data collected 

within a passive surveillance system may be sub-optimal for purely 

research purposes. In particular, influenza surveillance systems differ 

across countries included in GIBS in terms of the proportion of 

outpatients compared to all reported influenza cases, which may 

represent an important source of bias for the present analysis [14]. 
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Reassuringly, our results were confirmed when limiting the analysis 

to countries in which over 70% of influenza cases were outpatients 

(i.e. originated from a community-based surveillance system). 

However, meta-regression and subgroup analysis are not as powerful 

as an analysis which takes advantage of individual-level data, which is 

warranted in order to confirm or refute our findings. In general, the 

“same virus, different age groups” interpretation of results is not 

possible using passive surveillance data. To allow for a more reliable 

comparison of influenza burden between age groups using 

surveillance data, each country would need to adopt a sampling 

protocol for virological testing that allows the probability to sample a 

(suspected) influenza case in each age group to be known in advance. 

Despite being quite expensive, active surveillance based on 

participatory cohorts would allow a better understanding of influenza 

epidemiology by providing the opportunity to estimate key 

epidemiological parameters, including the age distribution of cases 

and the age-specific attack rate, frequency of complications and 

mortality [29]. A further limitation of our study is the lack of age data 

for countries in North America, in particular for United States; in 

addition, some countries contributed data for only a limited number 

of seasons. The proportion of influenza patients being typed and 

subtyped may depend on the patient’s age: this may have introduced a 

bias whose magnitude, however, should have been attenuated by our 

decision to analyse the data separately within each age group. Finally, 

we could not run separate analyses by influenza B virus lineage 

(Yamagata vs. Victoria), as this information was available in only a 

small percentage of influenza B cases.  

 
3.5.1 Conclusions 

Global surveillance data for the start of the 21st century suggest 

that the relative proportion of influenza cases caused by each 

influenza virus (sub)type may differ by age group. Our results suggest 

that the mix of circulating influenza viruses is one among several 

factors that are at play in determining the differing age distribution of 

influenza surveillance cases, and highlight the importance of 

presenting disease burden estimates by age group and virus 

(sub)type.  
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4.1 Abstract 

Introduction: Determining the optimal time to vaccinate is 

important for influenza vaccination programmes. Here, we assessed 

the temporal characteristics of influenza epidemics in the Northern 

and Southern hemispheres and in the tropics, and discuss their 

implications for vaccination programmes. 

Methods: This was a retrospective analysis of surveillance data 

between 2000 and 2014 from the Global Influenza B Study database. 

The seasonal peak of influenza was defined as the week with the most 

reported cases (overall, A, and B) in the season. The duration of 

seasonal activity was assessed using the maximum proportion of 

influenza cases during three consecutive months and the minimum 

number of months with ≥80% of cases in the season. We also 

assessed whether co-circulation of A and B virus types affected the 

duration of influenza epidemics. 

Results: 212 influenza seasons and 571,907 cases were included from 

30 countries. In tropical countries, the seasonal influenza activity 

lasted longer and the peaks of influenza A and B coincided less 

frequently than in temperate countries. Temporal characteristics of 

influenza epidemics were heterogeneous in the tropics, with distinct 

seasonal epidemics observed only in some countries. Seasons with co-

circulation of influenza A and B were longer than influenza A seasons, 

especially in the tropics. 

Discussion: Our findings show that influenza seasonality is less well 

defined in the tropics than in temperate regions. This has important 

implications for vaccination programmes in these countries. High-

quality influenza surveillance systems are needed in the tropics to 

enable decisions about when to vaccinate. 
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4.2 Introduction 

Despite a lack of influenza surveillance data for many 

countries, the burden of disease is estimated to be high everywhere 

that it has been systematically studied, including the tropics [1-5]. 

Annual vaccination, the cornerstone of influenza prevention and 

control, however, has not been implemented in all countries, 

especially those in the inter-tropical belt [6]. 

Since 1999, the World Health Organization has issued semi-

annual recommendations for the composition of influenza vaccines to 

be used in the Southern and Northern hemispheres [7-8], but they do 

not currently issue specific recommendations for the inter-tropical 

belt [9]. The 2012 recommendations of the World Health 

Organization Strategic Advisory Group of Experts identified the 

highest priority groups for influenza vaccination in countries with no 

vaccination programmes [10]. In addition to correct matching of 

vaccine strains with circulating strains, optimal timing of vaccination 

is necessary to obtain maximal vaccine effectiveness. This is 

particularly important as vaccine-induced immunity may wane 

rapidly after influenza vaccination, especially in the elderly [11]. 

Whilst seasonal influenza epidemics usually take place in the same 

period of the year in countries far from the equator, this is not always 

the case for countries in the tropics, and the timing can vary even 

between neighbouring countries or countries at the same latitude [9, 

12-13]. 

Approximately one-third of the world’s population lives in the 

intra-tropical region, and it is thought to have a high burden of 

influenza disease [1]. Accurate epidemiological data is needed for the 

prevention and control of influenza in tropical countries, but data are 

scarce, although this has been changing slowly since the 2009 

influenza H1N1 pandemic [14]. In this study, we examined the 

temporal characteristics of influenza epidemics (overall and 

separately for influenza A and B) in the Northern hemisphere, 

Southern hemisphere, and intra-tropical region using data collected 

by the Global Influenza B Study, and we discuss their potential 

implications for influenza vaccination programs. 
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4.3 Methods 

4.3.1 Study design 

We analysed anonymous influenza surveillance data that were 

provided to countries participating to the Global Influenza B Study. 

Consent was obtained, when necessary, at the stage of data collection, 

i.e. separately from each country. No further permission is required to 

analyse the data. 

This was a retrospective study of epidemiological data in the 

Global Influenza B Study database, which includes surveillance data 

from 30 countries [15]. Data include the weekly influenza- like 

illness/acute respiratory infection consultation rates (per 100,000 

population or 100 consultations, depending on the country), the 

weekly number of respiratory specimens tested for influenza viruses, 

and the weekly number of influenza-positive specimens (“cases”) by 

age and by virus type, subtype, and lineage. Except in the USA (until 

2002), Italy, Kazakhstan, Morocco, Portugal, Turkey, and Ukraine, 

where virological data are not available for summer months 

(approximately week 20–40), data are available for all weeks of the 

year in all countries. Data stratified by region are available for China 

(north and south) and for Brazil (north, northeast, central-west, 

southeast, and south) [16]. Information was also collected on the 

main features of the national influenza surveillance system in each 

participating country [15]. 

 

4.3.2 Statistical analysis 

The unit of analysis was the “season”, which corresponded to 

the calendar year for countries in the Southern hemisphere and the 

inter-tropical belt and to week 27 of a given year to week 26 of the 

following year for countries in the Northern hemisphere. Separate 

analyses were performed for the two regions of China and the five 

regions of Brazil. For the analyses, “country” was defined as the 

country or, for China and Brazil, as the country region. The location of 

each country was determined (Southern hemisphere, Northern 

hemisphere, or inter-tropical belt) according to the location of 
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country centroid or, if not available, the country’s largest city [17]. The 

pandemic season 2009 (2009–2010 in the Northern hemisphere) was 

excluded from the analysis because the timing of the influenza 

epidemics was unusual and could not be compared to the other 

seasons. In addition, all seasons with fewer than 50 reported 

influenza cases were excluded from the analysis [18]. 

The percentage of laboratory-confirmed influenza cases was 

calculated for each month of each season. For this analysis, a week 

was considered to be in a given month if four or more days of it were 

in the month. The primary peak was defined as the week with the 

most reported influenza cases in the season. When the highest 

number of reported influenza cases occurred in two or more weeks in 

a season, the peak was defined as the central week in the three-week 

period (or five-, seven-, etc. as needed) with the highest number of 

reported influenza cases. For example, if the number of cases in four 

consecutive weeks was 13-19-19-15, the peak was the third week, 

because this week had the highest number of cases and because 15 is 

higher than 13. The number of times the primary peak of the 

influenza epidemic occurred in each month of the year was 

determined for each country and for the Southern hemisphere, 

Northern hemisphere, and inter-tropical belt. The mean proportion of 

influenza cases in each month was then calculated for each country by 

averaging across all available seasons. 

The duration of the influenza epidemic in each country and 

season was calculated by using the following two statistics: (a) the 

maximum proportion of influenza cases that occurred during a period 

of three consecutive months, and (b) the minimum number of months 

during which there were at least 80% of all influenza cases in the 

season. The median and interquartile range of these two statistics 

were then calculated for each country and for all countries in the 

Southern hemisphere, the Northern hemisphere, and the inter-

tropical belt. 

The timing of influenza A and B epidemics was compared 

using a restricted database including only those seasons with ≥ 50 

reported cases of both influenza A and B and where both influenza 

types accounted for ≥ 20% of all influenza cases during the season. In 

such seasons, we calculated the number of times the peak of influenza 

A preceded, coincided, or followed that of influenza B, and the 



81 

number of months between the peak of influenza A and that of 

influenza B. We then compared the median duration of influenza 

epidemics in seasons where both virus types circulated (i.e. where 

both virus types accounted for at least 20% of all influenza cases) and 

seasons where only influenza A circulated (i.e. where influenza B 

accounted for <20% of all influenza cases during the season) by 

applying the Wilcoxon ranksum test. 

 

4.4 Results 

4.4.1 Influenza cases and seasons 

The analysis included 212 influenza seasons during 2000–

2014: 45 were in the seven countries in the Southern hemisphere, 87 

were in the 17 countries in inter-tropical belt, and 80 were in the ten 

countries in the Northern hemisphere (Table 4.1). The number of 

influenza seasons per country ranged from two (Brazil West Central) 

to 12 (New Zealand, Portugal), with a median of five. The database 

included a total of 571,817 influenza cases. The median % of all cases 

in a season that were caused by influenza B was 23.4% in the 

Southern hemisphere (inter-quartile range [IQR] 9.5%-34.5%), 30.9% 

in the inter-tropical belt (IQR 12.2%-45.7%), and 24.5% in the 

Northern hemisphere (IQR 6.3%-40.6%). 
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Table 4.1. Influenza cases reported by each participating country 

(from southern- to northern-most) and percentages of cases due to 

influenza type B virus. 

 

Country Latitude 
Population 

(million) 
No. seasons (1) 

No. 
influenza 

cases 

% 
influenza 

B 

Southern hemisphere     45 (2000-2013) 143,102 23.3 

New Zealand 41.8 S 4.5 12 (2000-2012) 12,729 23.2 

Chile 35.8 S 16.6 4 (2008-2012) 7,039 16.0 

Argentina (Santa Fe) 31.4 S 3.2 3 (2010-2012) 664 18.7 

South Africa 29.0 S 53.0 4 (2010-2013) 1,253 45.2 

Australia 25.8 S 23.4 11 (2001-2012) 120,193 23.5 

Brazil South 25.2 S 27.4 7 (2004-2012) (2) 861 30.1 

Brazil Southeast 23.2 S 80.4 4 (2008-2012) 363 33.3 

Inter-tropical belt     87 (2002-2014) 42,908 38.1 

Madagascar 19.4 S 21.3 11 (2002-2013) 2,638 40.2 

Brazil West Central 15.5 S 13.3 2 (2006-2012) (2) 152 12.5 

Brazil Northeast 12.6 S 53.1 5 (2004-2012) (2) 512 31.1 

Brazil Northeast 3.1 S 15.0 3 (2010-2012) 205 27.3 

Ecuador 2.0 S 15.4 4 (2011-2014) 1,872 17.6 

Indonesia 1.7 S 237.4 5 (2003-2007) 4,231 35.1 

Kenya 0.4 S 44.4 5 (2007-2012) 4,700 25.0 

Singapore 1.2 N 5.4 5 (2007-2012) 6,859 31.5 

Cameroon 5.7 N 22.5 4 (2010-2013) 606 37.6 

Ivory Coast 7.6 N 23.2 5 (2007-2012) 1,260 39.3 

Panama 8.6 N 3.7 5 (2008-2013) 921 26.3 

Costa Rica 10.0 N 4.6 3 (2010-2012) 2,185 19.9 

Nicaragua 12.9 N 6.1 6 (2007-2013) 3,273 23.0 

El Salvador 13.8 N 6.1 7 (2006-2013) 1,375 35.6 

Honduras 14.8 N 8.2 3 (2010-2012) 797 19.6 

Guatemala 15.7 N 15.4 7 (2006-2013) 2,093 18.0 

Viet Nam 16.7 N 89.7 7 (2006-2013) 9,229 72.4 

Northern hemisphere     80 (2000-2014) 385,897 27.9 

Bhutan 27.4 N 0.7 3 (2010-2012) 690 33.6 

China South 31.1 N 969.4 5 (2006-2011) 46,835 44.1 

Morocco 32.0 N 3.2 7 (2003-2013) (2) 1,130 21.4 

Turkey 39.0 N 76.7 4 (2006-2010) 834 48.9 

Portugal 39.3 N 10.4 12 (2000-2013) 3,684 25.5 

China North 39.5 N 370.9 6 (2005-2011) 27,726 43.2 

Italy 42.9 N 59.9 9 (2002-2011) 8,202 19.1 
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Country Latitude 
Population 

(million) 
No. seasons (1) 

No. 
influenza 

cases 

% 
influenza 

B 

USA 45.6 N 317.6 11 (2000-2011) 289,413 23.9 

Kazakhstan 48.0 N 17.9 4 (2010-2014) 1,195 23.8 

Ukraine 49.1 N 44.6 10 (2000-2012) (2) 1,335 23.3 

England 52.3 N 53.0 9 (2003-2012) 4,853 32.0 

 

(1) The 2009 influenza season (2009-2010 in Northern hemisphere) was not included in the 

analysis. 

(2) The following seasons were not included because <50 influenza cases were reported: 2005 in 

Brazil South; 2007, 2008, 2010, and 2011 in Brazil West Central; 2005, 2007, and 2008 in 

Brazil Northeast; 2005-2006 and 2007-2008 in Morocco; and 2001-2002 and 2003-2004 in 

Ukraine.  

 

4.4.2 Timing of influenza epidemics in each region 

When averaged over time, influenza cases peaked between 

June and September in 41 of 45 influenza seasons in countries in the 

Southern hemisphere. The maximum monthly percentage of 

influenza cases was > 20% in all countries and > 30% in Australia 

(Figure 4.1). 
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Figure 4.1. Mean percentage of influenza cases by month (black 

diamonds) and number of times the peak of the influenza season took 

place in each month (pink squares) for countries in the Southern 

hemisphere.  

 

In the eight northernmost countries of the Northern 

hemisphere, the peak of influenza activity was between December and 

March for 70 of 72 influenza seasons (Figure 4.2). The maximum 

monthly percentage of influenza cases was 25–30% for China North 

and England, 30–40% for Portugal, Turkey and the USA, and >40% 

for Italy, Kazakhstan, Morocco, and Ukraine. On the other hand, the 

seasonal peaks for the two southernmost countries of the Northern 

hemisphere were spread over six months (Bhutan) and over seven 

months (China South), and the maximum monthly percentage of 

influenza cases was <15% in China South. 

 



85 

Figure 4.2. Mean percentage of influenza cases by month (black 

diamonds) and number of times the peak of the influenza season took 

place in each month (pink squares) for countries of Northern 

hemisphere. 
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In the inter-tropical belt, the annual peaks tended to be spread 

over six months or longer in several countries (e.g., Madagascar, 

Kenya, Ivory Coast, Guatemala, and Viet Nam), although in some 

cases, the seasons were spread over less than six months (e.g., 

Indonesia, Panama, and El Salvador) (Figure 4.3). The maximum 

monthly percentage of influenza cases was <15% in four countries, 

15–20% in seven countries, 20–25% in three countries, and >25% in 

three countries (Cameroon, Panama, and Nicaragua). 
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Figure 4.3. Mean percentage of influenza cases by month (black 

diamonds) and number of times the peak of the influenza season took 

place in each month (pink squares) for countries in the inter-tropical 

belt. 
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4.4.3 Duration of seasonal influenza seasons and impact of co-

circulation 

Among temperate countries, a median of ≥70% of influenza 

cases occurred during the three month peak, and at least 80% of 

influenza were included in a median of four or less consecutive 

months, for all countries except South Africa (62.1%, five months) 

and Brazil Southeast (41.7%, seven months) in the Southern 

hemisphere and Bhutan (65.5%, seven months) and China South 

(39.8%, nine months) in the Northern hemisphere (Table 4.2). 

Among countries of the inter-tropical belt, this was only the case for 

Panama and Nicaragua, while the median percentage of influenza 

cases during the three-month peak was as low as 34.6% in Viet Nam, 

and the number of consecutive months to have at least 80% of 

influenza cases in the season was ten in Kenya. 

In the Southern hemisphere, the influenza A peak preceded 

the influenza B peak in nine seasons (43%), coincided with it in six 

seasons (29%), and followed it in six seasons (29%); in the inter-

tropical belt, influenza A preceded influenza B in 20 seasons (48%), 

coincided with it in seven (16%) seasons, and followed it in fifteen 

seasons (36%); and in the Northern hemisphere, the influenza A peak 

preceded the influenza B peak in 15 seasons (43%), coincided with it 

in 14 seasons (40%), and followed it in six seasons (17%). The peaks of 

influenza A and B differed by three months or more in four of 21 

seasons (19%) in the Southern hemisphere, in 25 of 42 seasons (60%) 

in the inter-tropical belt, and in three of 35 seasons (9%) in the 

Northern hemisphere (Figure 4.4). 
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Table 4.2. Median percentage of influenza cases that occurred 

during the 3-month peak period and median number of months to 

have ≥ 80% of influenza cases during a season in countries of the 

Southern hemisphere, the inter-tropical belt, and the Northern 

hemisphere. 

Country Latitude 

% of influenza 
cases during 3-

month peak 
(median) 

No. of consecutive 
months to have ≥ 
80% of all cases 

(median) 

Southern hemisphere   76.1 4 

New Zealand 41.8 S 85.0 3 

Chile 35.8 S 79.4 4 

Argentina (Santa Fe) 31.4 S 83.8 3 

South Africa 29.0 S 62.1 5 

Australia 25.8 S 74.5 4 

Brazil South 25.2 S 71.7 4 

Brazil Southeast 23.2 S 41.7 7 

Inter-tropical belt   54.9 7 

Madagascar 19.4 S 49.2 8 

Brazil West Central 15.5 S 53.5 6 

Brazil Northeast 12.6 S 37.9 9 

Brazil Northeast 3.1 S 46.1 9 

Ecuador 2.0 S 48.8 7 

Indonesia 1.7 S 56.2 9 

Kenya 0.4 S 40.7 10 

Singapore 1.2 N 40.6 9 

Cameroon 5.7 N 73.5 5 

Ivory Coast 7.6 N 54.5 8 

Panama 8.6 N 84.0 3 

Costa Rica 10.0 N 56.0 9 

Nicaragua 12.9 N 82.6 3 

El Salvador 13.8 N 64.5 5 

Honduras 14.8 N 56.5 7 

Guatemala 15.7 N 56.7 7 

Viet Nam 16.7 N 34.6 9 

Northern hemisphere   91.0 3 

Bhutan 27.4 N 65.5 7 

China South 31.1 N 39.8 9 

Morocco 32.0 N 93.7 2 

Turkey 39.0 N 80.8 3 

Portugal 39.3 N 97.8 2 
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Country Latitude 

% of influenza 
cases during 3-

month peak 
(median) 

No. of consecutive 
months to have ≥ 
80% of all cases 

(median) 

China North 39.5 N 78.1 4 

Italy 42.9 N 94.5 2 

USA 45.6 N 83.3 3 

Kazakhstan 48.0 N 92.1 3 

Ukraine 49.1 N 97.4 2 

England 52.3 N 90.8 3 
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Figure 4.4. Distribution of influenza A and B peaks in the same 

season: Northern hemisphere, Inter-tropical belt and Southern 

hemisphere. 
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The influenza season tended to be shorter when (only) 

influenza A circulated than when influenza A and B co-circulated 

(Table 4.3), a difference that was more pronounced in the inter- 

tropical belt (median proportion of influenza cases during the three-

month peak, 64.5% for A seasons vs. 46.3% for A + B seasons) than in 

the Southern hemisphere (83.9% for A seasons vs. 73.6% for A + B 

seasons) and the Northern hemisphere (93.7% for A seasons vs. 

85.9% for A + B seasons). 

 

Table 4.3. Median percentage of influenza cases that occurred 

during the 3-month peak period and median number of months to 

have ≥ 80% of influenza cases during a season by zone (Southern 

hemisphere, inter-tropical belt, Northern hemisphere) and 

proportion of influenza B. 

 

Zone 
Season 

type 
No. 

seasons 

No. of months to have ≥ 
80% of influenza cases 

during a season 
  

% of influenza cases 
during 3-month peak 

median IQR 
p-value 

(a) 
  median IQR 

p-value 

(a) 

Southern 
hemisphere 

A 18 3 3-4     83.9 76.6-89.9   

A+B 21 4 4-5 0.010   73.6 63.7-77.0 0.004 

Inter-
tropical belt 

A 31 7 4-8     64.5 48.1-79.6   

A+B 42 8 6-10 0.054   46.3 39.9-57.1 0.002 

Northern 
hemisphere 

A 33 2 2-3     93.7 89.5-97.6   

A+B 35 3 3-4 0.007   85.9 80.8-94.5 0.028 

 

Seasons where influenza type A accounted for ≥ 80% of all influenza cases and with ≥ 50 

reported cases of influenza A were considered influenza A seasons. Seasons where influenza type 

B accounted for ≥ 20% of all influenza cases and with ≥ 50 reported cases of influenza A and 

influenza B were considered influenza A + B seasons. IQR, interquartile range. 

(a) Wilcoxon ranksum test for comparison of medians. 
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4.5 Discussion 

This study showed that, between 2000 and 2014, the 

distribution of influenza cases was flatter, seasonal influenza activity 

lasted longer, and the peaks of influenza A and B coincided less 

frequently in tropical countries than in temperate countries. We also 

found that influenza seasons were longer when A and B viruses co-

circulated and that this was especially marked in the tropics. Despite 

these general patterns, however, temporal characteristics of influenza 

epidemics in the tropics were highly heterogeneous, with a distinct 

seasonality observed in only a few countries. 

Understanding the temporal characteristics of influenza 

epidemics is essential for planning influenza vaccination programs 

because vaccine effectiveness wanes over time [11, 19-20]. This 

waning effectiveness may be due to changes in circulating virus 

strains or because of a real decline in immunity, especially in the 

elderly. This means that the effectiveness of a vaccination campaign 

can be low when this is out of phase with the peak of the upcoming 

influenza season or in case of longer influenza seasons, which is a 

much more common occurrence in tropical compared to temperate 

countries. Accordingly, a detailed description of the timing of 

influenza epidemics over several consecutive seasons is crucial, 

especially in countries of the inter-tropical belt.  

As expected, most influenza cases in the Southern and 

Northern hemispheres occur during a short period (2–4 months) in 

the winter months, although there are some exceptions like Bhutan, 

China South, and Brazil Southeast, which neighbour the inter-tropical 

belt. As the timing of epidemics does not substantially differ for 

influenza A and B, the duration of the influenza season is only 

marginally affected by circulation of influenza A and B viruses in 

temperate countries. In these countries, the optimal time to vaccinate 

can be determined with good accuracy, so if the vaccine and 

circulating strains are well matched, vaccination campaigns are 

expected to be effective. In countries of the inter-tropical belt, in 

contrast, the seasonal influenza peak can occur almost any time and 

generally accounts for fewer of the influenza cases. In fact, in some 

countries like the Ivory Coast and Viet Nam, the seasonal peak was 
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almost imperceptible, and the term “peak” may even be 

inappropriate. Influenza seasons can last much longer in countries in 

this region than in other countries (possibly because of more strains 

that circulate together compared to temperate countries), and the 

different virus types tend to circulate more or less independently, 

complicating choices of the optimal time for vaccination.  

Because of these limitations, it may be very difficult to 

establish an optimal time to vaccinate in tropical countries. In this 

region, the timing of influenza vaccination may be based on other 

considerations, such as seasonal crowding for social or religious 

reasons or organizational needs of local health systems. Alternatively, 

the recommendation may be to simply vaccinate at any time of the 

year [12]. In fact, in countries where influenza circulates year-round, 

vaccinating twice per year may be worth considering [7], at least for 

at-risk groups. 

Only some of the countries in the inter-tropical belt are 

however characterized by a complete lack of seasonality of the 

influenza season. In particular, the temporal characteristics of 

influenza epidemics may differ between countries in the same 

geographical area and even between different regions within large 

countries [12, 21-22]. This is the case in Central America, a relatively 

small area with several countries stretched across fewer than ten 

degrees of latitude between the Tropic of Cancer and the Equator. For 

example, Panama (June to July) and El Salvador (June through 

September) show clear seasonality of influenza epidemics. Also, there 

appears to be a seasonal peak in Guatemala (March) and the influenza 

season seems to extend between June and January in Costa Rica. Two 

countries, Nicaragua and Honduras, appear to have secondary 

influenza peaks.  

The temporal characteristics of influenza epidemics in 

countries of the inter-tropical belt are the result of a complex and still 

poorly understood interaction of several climatic and ecological 

drivers, including temperature, altitude, humidity, precipitation, and 

population density [23-24]. To develop recommendations on the 

optimal time to vaccinate, time-series analyses of influenza epidemics 

from previous seasons should be conducted with a fine enough 

resolution to allow adaptation for these factors, some of which can 

vary substantially, even within a few hundred kilometres. This is 
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especially important for countries in the inter-tropical belt, because of 

the highly heterogeneous temporal patterns of influenza epidemics in 

this world area [25-29], although it may also be relevant for large 

countries in other regions [9]. 

Our analysis included more than 570,000 influenza cases over 

14 years in 30 countries for a total of 212 influenza seasons. Although 

this is a rich source of data, comparing the data between countries 

may be complicated by the substantial differences between the 

national influenza surveillance systems [15]. In particular, the 

proportion of influenza cases reported by each surveillance system 

may differ greatly. For example, reporting differs between Australia 

and Madagascar, even though they have comparable populations and 

the same number of influenza seasons included in this analysis. 

Differences in reporting may also have been present within a single 

country over time, for example, before and after the 2009 influenza 

H1N1 pandemic. We used “season” as the unit of analysis to 

accommodate for this limitation, as this gives each “season” an equal 

weighting and the results are not weighted towards the post-

pandemic period when most of the data are available. It was not 

possible to define the influenza activity peak in terms of the 

percentage of respiratory specimens testing positive for influenza, as 

this information was not available for some of the countries 

participating to the GIBS. Another potential limitation is that only a 

few seasons were included for some countries (for example, only three 

seasons were included for Argentina, Brazil North, Costa Rica, 

Honduras and Bhutan, and only two for Brazil West Central), so that 

chance may explain some of the country-specific differences we 

observed. We would have greatly benefited from having data from a 

much longer period for all participating countries, both because this 

may be needed to determine the full period of influenza activity and 

define whether some seasonality exists, especially in countries in the 

inter-tropical belt, and also in order to avoid the over-representation 

of countries that contribute data for a large number of seasons. 

Finally, although regional data were available for Brazil and China, 

the analysis could have benefitted from more regional data, especially 

for large countries. 

In conclusion, we found that the temporal characteristics of 

influenza epidemics differ greatly between the Southern and Northern 
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hemispheres and the inter-tropical belt, and more importantly, even 

between countries within the inter-tropical belt. Based on these 

results, a harmonized timing of vaccination, similar to the Northern 

and Southern hemisphere, would probably not be very effective for 

tropical countries, and we recommend that a local approach be 

adopted instead, with each country developing its own national 

influenza vaccination policy based on the analysis of epidemiological 

data collected locally. This will only be possible however if 

community- and hospital- based sentinel surveillance systems are set 

up and run for several years. Reliable surveillance data are not yet 

available for many countries in the intertropical belt, although there 

are some excellent exceptions [12, 30-32]. Filling this gap should be a 

priority to allow vaccine recommendations in the tropics to be based 

on the analysis of epidemiological and virological data collected at a 

local level rather than educated guesses. 
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5.1 Abstract 

Introduction: The increased availability of influenza surveillance 

data in recent years justifies an actual and more complete overview of 

influenza epidemiology in Latin America. We compared the influenza 

surveillance systems and assessed the epidemiology of influenza A 

and B, including the spatio-temporal patterns of influenza epidemics, 

in ten countries and sub-national regions in Latin America. 

Methods: We aggregated the data by year and country and 

characteristics of eighty-two years were analysed. We calculated the 

median proportion of laboratory-confirmed influenza cases caused by 

each virus strain, and compared the timing and amplitude of the 

primary and secondary peaks between countries. 

Results: 37,087 influenza cases were reported during 2004±2012. 

Influenza A and B accounted for a median of 79% and, respectively, 

21% of cases in a year. The percentage of influenza A cases that were 

subtyped was 82.5%; for influenza B, 15.6% of cases were 

characterized. Influenza A and B were dominant in seventy-five (91%) 

and seven (9%) years, respectively. In half (51%) of the influenza A 

years, influenza A(H3N2) was dominant, followed by influenza 

A(H1N1)pdm2009 (41%) and pre-pandemic A(H1N1) (8%). The 

primary peak of influenza activity was in June-September in 

temperate climate countries, with little or no secondary peak. Tropical 

climate countries had smaller primary peaks taking place in different 

months and frequently detectable secondary peaks. 

Conclusions: We found that good influenza surveillance data exists 

in Latin America, although improvements can still be made (e.g. a 

better characterization of influenza B specimens); that influenza B 

plays a considerable role in the seasonal influenza burden; and that 

there is substantial heterogeneity of spatio-temporal patterns of 

influenza epidemics. To improve the effectiveness of influenza control 

measures in Latin America, tropical climate countries may need to 

develop innovative prevention strategies specifically tailored to the 

spatio-temporal patterns of influenza in this region. 
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5.2 Introduction 

The study of the epidemiology of influenza and burden of 

disease has allowed countries to refine their strategies of control and 

prevention in the temperate climate regions of the world. Much less 

attention has been paid to influenza in the tropical climate countries, 

partly due to the belief that the burden of influenza is negligible when 

compared to other infectious diseases such as tuberculosis, malaria or 

AIDS. However, the burden of disease due to influenza has been 

found to be high in all countries where it has been measured, 

regardless of latitude [1-5]. In addition, the lack of reliable 

surveillance data has hindered a detailed study of the epidemiology of 

influenza A and B in the tropics, but this has changed in recent years, 

especially since the 2009 pandemic. 

Several studies have recently compared the spatio-temporal 

patterns of influenza between tropical areas within large countries 

(e.g. Brazil [6-7], India [8] and China [9]) or within geographical 

regions in the tropics (e.g. south and southeastern Asia [10] and 

Africa [11]). These studies have provided a better understanding of 

the climatic and demographic factors that trigger the onset and 

spread of influenza epidemics, and improved knowledge about the 

optimal timing for vaccination.  

Latin America is a region with a population of 626 million 

people that contains much diversity in terms of topography and 

climate zones. Knowledge regarding the epidemiology of influenza 

has improved since the 2009 pandemic through an increased 

availability of good quality surveillance data; however, some aspects 

that may have profound implications for influenza prevention and 

control strategies still remain unclear and need to be examined in 

more depth.  

Here, we compared the influenza surveillance systems and 

assessed the epidemiology of influenza A and B (including the spatio-

temporal patterns of influenza epidemics) in ten countries in Latin 

America using the database of the Global Influenza B Study. 
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5.3 Methods 

5.3.1 Source of data 

The Global Influenza B Study (GIBS) was launched in 2012 

with the objective of producing scientific evidence needed to support 

the implementation of effective influenza prevention and control 

strategies worldwide. The methodology has been described in detail 

elsewhere [12]. Briefly, coordinators of national influenza surveillance 

systems of over fifty countries around the world (including countries 

situated in the Northern and Southern hemispheres and in the inter-

tropical belt) were invited between 2013 and 2015 (depending on 

countries) to provide virological and epidemiological data on 

influenza that was collected within their national influenza 

surveillance system from 2000 until the date of contact. The GIBS has 

a focus on influenza B, but because data are collected for both 

influenza A and B, we can perform epidemiological analyses for both 

influenza virus types. The data received include the weekly number of 

reported laboratory-confirmed influenza cases (referred to as “cases” 

hereinafter) broken down by age group and influenza virus type and 

subtype/lineage and the weekly rates of influenza- like illness [ILI] or 

acute respiratory infection [ARI] (depending on availability). Thirty 

countries joined the GIBS as of December 2015. Participants were 

also required to describe their influenza surveillance system by 

answering a questionnaire specifically developed for GIBS. Consent 

was separately obtained in each country, when necessary, at the stage 

of data collection. No further permission is required to analyse the 

data.  

We included information on cases by virus type (A, B), subtype 

(H1N1, H1N1pdm09, H3N2, not subtyped) and lineage for influenza B 

(Victoria, Yamagata, non-characterized) for the following sites 

(including countries and sub-national regions of Latin America): 

Province of Santa Fe in Argentina, Brazil Midwest, Brazil North, 

Brazil Northeast, Brazil South, Brazil Southeast, Chile, Costa Rica, 

Ecuador, El Salvador, Guatemala, Honduras, Nicaragua and Panama 

(Figure 5.1). Brazilian datasets included information on the virus type 

(A, B) but not on the subtype and lineage. Table 5.1 outlines the main 
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features of the influenza surveillance systems that were included in 

the analysis. 

 

Figure 5.1. Countries and sub-national regions that were included in 

the analysis. The Global Influenza B Study, Latin-American countries, 

2003-2014. Dark Blue: Central America. Light Blue: Brazil. Yellow: 

remaining sites in South America. 
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Table 5.1. Main features of influenza surveillance systems of 

countries and sub-national regions included in the analysis. The 

Global Influenza B Study, Latin-American countries, 2003-2014. 

 

Country 
Latitude 

(1) 
Population 

(million) 
Representativeness 

of data 

% of 
outpatients 

(2) 

Laboratory methods 
for influenza 

diagnosis 

Guatemala 14.6 N 15.4 National 72% 
PCR, culture, 

immunofluorescence 
      

Honduras 14.1 N 8.2 National 56% 
PCR, culture, 

immunofluorescence 
      

El Salvador 13.7 N 6.1 National 22% 
PCR, culture, 

immunofluorescence 
      

Nicaragua 12.1 N 6.1 National 43% 
PCR, culture, 

immunofluorescence 
      

Costa Rica 9.9 N 4.6 National 27% 
PCR, culture, 

immunofluorescence 

Panama 9.0 N 3.7 National 39% 
PCR, culture, 

immunofluorescence 

Ecuador 0.2 S 15.4 National 0% PCR 

Brazil North 3.1 S 15.0 

National unknown 
PCR, 

immunofluorescence 

Brazil 
Northeast 

8.1 S 53.1 

Brazil 
Midwest 

16.7 S 13.3 

Brazil 
Southeast 

23.6 S 80.4 

Brazil South 27.6 S 27.4 

Argentina 
(Santa Fe) 

31.6 S 3.2 Regional unknown 
PCR, 

immunofluorescence 
      

Chile 33.5 S 16.6 National 5% 
PCR, culture, 

immunofluorescence 

 

(1) Latitude on the country centroid (if available) or the largest city. 

(2) Proportion of outpatients over all patients sampled. 

 

 

5.3.2 Measures and statistical analysis 

We conducted an analysis using data aggregated by year and 

site. For each site, we initially included data from all calendar years 

with year-round influenza surveillance AND with at least 30 reported 

cases. We calculated the proportion of cases due to each influenza 

virus in each site and year. Monthly numbers of cases were 

standardized per year and divided by the highest number of cases in a 
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month in the same site and year (hence, months with the highest 

number of cases for a given site and year were assigned the value 1); 

these value were then visualized by means of a heat map (in which the 

colour bar represents the intensity of monthly cases). We then 

calculated the median proportion of cases that were caused by each 

influenza virus (sub) type, and how frequently each of them caused 

the majority (50% or more) of all cases reported in a year. 

We compared the timing and intensity of the primary and 

secondary influenza epidemic peaks between sites. For this analysis 

we excluded data from 2009, which was markedly atypical due to the 

introduction of a novel pandemic strain (A[H1N1]pdm2009). For 

each site, we first standardized each time series to proportions of the 

maximum annual value (so all years contribute equally). Next we 

generated a periodic annual function (PAF) of each time series by 

summing up the annual, semi-annual and quarterly harmonics as 

obtained by Fourier decomposition [13-14]. The timing and amplitude 

of the primary and secondary peaks of the PAF were extracted and 

compared between sites, as based on their latitudinal position. The 

timing of the primary and secondary peaks refers to the time of the 

year when the maximum influenza activity usually occurs. The 

amplitude of PAF is obtained by dividing the wave height (difference 

between the peak and trough values derived in the model) by the peak 

value. The peak amplitude is expressed as a percentage and must be 

interpreted as the intensity of the seasonality (when the signal is well 

defined); owing to how it is calculated, the amplitude can sometimes 

exceed 100%. 

Analyses and figures were generated using the freely available 

analytical software Epipoi [14]. 

 

5.4 Results 

Data included in the present analysis originated from 

surveillance systems covering a population of about 270 million 

people, which corresponds to more than 40% of the total population 

of Latin America (Table 5.1). The proportion of outpatients among all 

sampled patients varied between 0% in Ecuador and 5% in Chile, to 
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56% in Honduras and 72% in Guatemala but respondents reported no 

significant changes in these percentages over time. All sites 

performed polymerase chain reaction (PCR) testing for influenza 

virus detections. 

The total number of cases that were available for analysis was 

37,087, of which 32,135 (86.6%) were influenza A and 4,952 (13.4%) 

were influenza B (Table 5.2). The percentage of influenza A cases that 

were subtyped was 82.5%; for influenza B, 15.6% of cases were 

characterized. The study period varied for each site, spanning from 

four years (Honduras, Costa Rica and Ecuador) to eight years of data 

(Brazil Northeast, Southeast and South) (median number of years of 

reporting = 6) (Figure 5.2). The median number of cases reported per 

year was 146 (range 31-4,072). The ILI rates were available only for 

Brazil (calculated as proportion of ILI over the total number of 

consultations) and Argentina (per 100,000 population) (Table 5.1). 

 

Figure 5.2. Heat map of monthly influenza virus incidence patterns, 

2003-2014, sorted by latitude. The Global Influenza B Study, Latin-

American countries, 2003-2014. 
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Cases were unevenly distributed across sites, years and 

strains. The top contributor was Chile (n = 10,476, corresponding 

28.2% of all cases), with most of the cases from 2009 (38.9%). The 

pandemic strain contributed nearly half of the cases, followed by 

A(H3N2), A not-subtyped, B and pre-pandemic A(H1N1) (Table 5.2). 

The median percentage of influenza B was 20.5% (inter-quartile range 

7.2%-35.3%), which rose to 23.2% (inter-quartile range 8.9%-37.2%) 

when ignoring the 2009 year. Influenza B was only rarely the 

dominant virus: this occurred in seven of 82 years (in 2008 in Brazil 

South, in 2010 in Brazil Midwest, South and Southeast, in 2011 in El 

Salvador, in 2012 in Nicaragua and Panama). There were 39 (out of 

82) years in which A was the dominant virus and in which at least 

20% of all influenza A cases were subtyped: A(H1N1) accounted for 

the majority of cases in three years (7.7% of all years), 

A(H1N1)pdm2009 in sixteen years (41.0%), and A(H3N2) in twenty 

years (51.3%). After excluding data from 2009, data of 20,525 cases 

were available for analysis on timing and intensity.  
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Table 5.2. Laboratory-confirmed influenza cases by country and virus type, subtype and lineage. The Global 

Influenza B Study, Latin-American countries, 2003-2014. 

 

Country 
Availability 

of data 
Influenza 

cases 
A(H1N1) A(H1N1)pdm2009 A(H3N2) 

A not 
subtyped 

B Victoria B Yamagata 
B not 

characterized 

Guatemala 2007-2012 3,921 308 1,708 377 1,053 0 0 475 

Honduras 2009-2012 1,701 0 800 377 351 0 0 173 

El Salvador 2007-2012 2,271 8 897 299 575 0 0 492 

Nicaragua 2008-2012 4,818 141 2,888 638 442 0 0 709 

Costa Rica 2009-2012 6,083 14 4,404 1,077 74 0 0 514 

Panama 2008-2013 2,191 0 888 344 636 0 0 323 

Ecuador 2011-2014 1,872 0 741 767 34 0 13 317 

Brazil North 2007-2012 332 0 0 0 251 0 0 81 

Brazil 
Northeast 

2004-2012 866 0 0 0 620 0 0 246 

Brazil 
Midwest 

2006-2012 403 0 0 0 313 0 0 90 

Brazil 
Southeast 

2004-2012 572 0 0 0 418 0 0 154 

Brazil South 2004-2012 974 0 0 0 694 0 0 280 
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Country 
Availability 

of data 
Influenza 

cases 
A(H1N1) A(H1N1)pdm2009 A(H3N2) 

A not 
subtyped 

B Victoria B Yamagata 
B not 

characterized 

Argentina 
(Santa Fe) 

2003-2012 607 0 101 242 126 111 4 23 

Chile 2008-2012 10,476 414 5,491 3,583 41 233 413 301 

Total   37,087 
885 

(2.4%) 
17,918 

(48.3%) 
7,704 

(20.8%) 
5,628 

(15.2%) 
344 

(0.9%) 
430 

(1.2%) 
4,178 

(11.3%) 

 

(a) The following years were not included in the analysis because of fewer than 50 cases of influenza were reported: 2008 for Brazil North and Brazil 

Northeast, 2005 for Brazil Southeast and Brazil South, 2006-2009 for Argentina. 
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The timing and amplitude of primary peaks of each site 

relative to their latitudes are shown in Table 5.3 and Figure 5.3. The 

timing of the primary peak of influenza activity was well aligned with 

the Southern Hemisphere (June-September) for sites located in the 

temperate climate region (latitude <-23.5: Chile, Argentina, Brazil 

South and Brazil Southeast). The timing of the primary peaks of 

influenza activity in the remaining sites (all within the tropical belt) 

had a more complex distribution throughout the year. The seasonality 

of influenza activity in Ecuador and in the Northern hemisphere 

countries of El Salvador, Panama and Honduras follows that of 

temperate climate regions in the Southern hemisphere (primary peak 

between beginning of July and end of August). The primary peak 

takes place in early October in Brazil Midwest, and in November in 

Nicaragua and Costa Rica. Finally, the North and Northeast regions of 

Brazil, Ecuador and Guatemala have their primary peak before May. 

The amplitude of the primary peak was above 90% in central-

American countries (except Costa Rica, where it was 88.6%) and sites 

in the temperate climate region (except Brazil Southeast, where it was 

80.5%), between 80% and 90% in Ecuador (88.6%), and below 80% 

in Brazil North, Northeast and Midwest (Table 5.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



114 

Table 5.3. Timing and amplitude of primary and secondary peaks of 

seasonal influenza epidemics. The Global Influenza B Study, Latin-

American countries, 2003-2014. 
 

Sites 
Availability 

of data (a) 
Latitude  
(degrees) 

Primary Peak   Secondary Peak 

Timing Amplitude   Timing Amplitude 

Guatemala 2007-2012 14.6 N Mar 91.7%   Jul 82.9% 

Honduras 2009-2012 14.1 N Aug 96.8% 
 

Apr 54.7% 

El Salvador 2007-2012 13.7 N Jul 99.4% 
 

Feb 8.5% 

Nicaragua 2008-2012 12.1 N Nov 110.1% 
 

Jun 72.8% 

Costa Rica 2009-2012 9.9 N Nov 88.6% 
 

Jul 53.0% 

Panama 2008-2013 9.0 N Jul 107.8% 
 

Nov 21.5% 

Ecuador 2011-2014 0.2 S Aug 86.2% 
 

Jan 75.1% 

Brazil North 2007-2012 3.1 S Apr 63.5% 
 

Aug 20.0% 

Brazil Northeast 2004-2012 8.1 S Apr 61.3% 
 

Sep 7.6% 

Brazil Midwest 2006-2012 16.7 S Oct 73.8% 
 

Jul 53.7% 

Brazil Southeast 2004-2012 23.6 S Jun 80.5% 
 

Nov 27.3% 

Brazil South 2004-2012 27.6 S Jul 95.7% 
 

Nov 17.2% 

Argentina (Santa 
Fe) 

2003-2012 31.6 S Aug 102.9% 
 

- 0.0% 

Chile 2008-2012 33.5 S Aug 104.5%   Dec 21.5% 

 

(a) Data from the pandemic year of 2009 were not included in the analyses 
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Figure 5.3. Timing and amplitude of primary (circles) and secondary 

(triangles) peak of influenza detection by site, against their latitudinal 

position. The size corresponds to the amplitude of influenza 

seasonality. Dark Blue: Central America. Light Blue: Brazil. Yellow: 

remaining sites in South America. 

 

 

 

There were clear secondary peaks (amplitude >70%) in 

Guatemala (taking place in early July), Nicaragua (late June) and 

Ecuador (late January) (Table 5.3 and Figure 5.3). There were milder 

yet clearly discernible secondary peaks (amplitude >50%) in 

Honduras (March-April), Costa Rica (early July) and Brazil Midwest 

(end of June). The amplitude of secondary peaks was below 30% in all 

other sites. 
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5.5 Discussion 

We compared the main characteristics of influenza 

surveillance systems, assessed the relative contribution of the 

different virus (sub)types to influenza epidemics, and investigated the 

seasonal patterns of influenza circulation, in selected countries of 

Latin America (including subnational data for Brazil) in recent years 

(2004±2014). The A(H3N2) virus strain was dominant during most 

years (except 2009), however influenza B played a considerable role 

in the seasonal influenza burden as  it was responsible for around one 

fourth of all cases in a year on average. Finally, there was evidence of 

a substantial heterogeneity of both the amplitude and the timing of 

primary and secondary epidemic peaks across countries and sub-

national regions in Latin America. 

In the World Health Organization (WHO) Region of the 

Americas, influenza surveillance capacity has expanded following the 

2009 pandemics, and the use of real-time PCR assays has become 

commonplace in the detection of influenza viruses in most countries. 

Despite considerable progress made in recent years, influenza 

surveillance is, however, not uniform throughout the region, and 

some gaps persist that need to be addressed by national and 

supranational health agencies. For instance, community- and 

hospital-based surveillance systems of respiratory pathogens 

(including influenza) should ideally be both in place everywhere as 

they both provide valuable yet complementary information [15-16]; it 

appears, however, that the former is still underdeveloped in several 

countries in the region. Unlike influenza A, a very limited percentage 

of influenza B cases were characterized. It should be noted though 

that since 2014 many NICs in Latin America have begun to 

characterize influenza B cases in a systematic way, after the US-CDC 

provided them with PCR assays for virus lineage differentiation, and 

this situation will likely improve in the coming years. Finally, 

denominator data were available for only two out of ten sites included 

in the study. Overcoming these limitations would allow an even better 

monitoring of influenza activity in Latin America and a more in depth 

study of influenza patterns and disease burden, with potentially large 

public health impact. 
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Nearly half of all cases in our database were caused by the 

A(H1N1) pandemic strain. This was most likely a consequence of the 

increased sampling intensity during the pandemic: in effect, the 

majority of years were dominated by influenza A(H3N2), both before 

and after 2009. Influenza B was rarely the dominant virus, but it 

accounted for a quarter of all cases, which is in line with what has 

been reported in temperate countries of Northern and Southern 

hemispheres for the same period [12,17-19]. 

Our findings on the heterogeneity of influenza activity in Latin 

American countries do not necessarily affect the most recent 

recommendations on influenza vaccination (i.e. vaccinating in April 

using the Southern hemisphere formulation in all countries except 

Mexico and Cuba) [20]. However, it is critical to note that the 

proportion of cases preventable with a single dose of influenza vaccine 

administered in April-May will vary considerably between countries 

and across years within the same country. This observation appears 

even more evident when considering the poor temporal overlap of 

influenza A and B epidemics [21] and the rapid decline of vaccine-

induced immunity during a single year [22-23]. Once the WHO goals 

for influenza vaccine coverage among vulnerable people are met, it 

will probably be necessary to reflect on what strategies could further 

reduce the burden of influenza in this part of Latin America, 

especially in tropical countries with two influenza activity peaks per 

year. 

The identification of large areas encompassing countries or 

sub-national regions with a similar timing of influenza epidemics has 

implications for the organization of surveillance systems and the 

implementation of influenza vaccination campaigns. Overall, the 

partition into three large transmission zones that was made by WHO 

(Central America Caribbean from Mexico in the North to Panama in 

the South; Tropical South America from Colombia in the North to 

Peru, Bolivia and Brazil in the South; and Temperate South America 

including Chile, Argentina, Uruguay and Paraguay) [24] does not 

seem fully appropriate as it overlooks some of the differences we 

observed (for example, between regions in Brazil and between 

neighbouring countries in central America). Data from the literature 

for countries not included in our database [20, 25-27] provide further 

support for this view. 
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An important strength of our study is the availability of 

influenza surveillance data from countries and sub-national regions 

(for Brazil) spanning on a large range of latitudes and very diverse in 

terms of their geographical and climatic characteristics. Considering 

the uniform use of PCR, the potential bias of different laboratory 

testing biases are reduced. The use of statistical methods to account 

for high (or low) intensity years (e.g. the PAF) and the analysis of data 

by year also reduced the potential bias of larger years. Our study also 

has several limitations. The surveillance systems differ across 

countries, in particular for what concerns the percentage of in- and 

out-patients; however, this should not affect the results of our 

spatiotemporal analysis, because the timing of virus activity is likely 

to be similar for mild and severe cases. Influenza surveillance data 

was available for a limited number of years for some sites. The 

epidemiological parameters (timing and amplitude of primary and 

secondary peak) that we estimated may change by extending the 

study period by a few years, although we believe that this would not 

lead to major changes in our conclusions. Information on lineage was 

available for only a few influenza B cases, which prevented us from 

assessing the level of co circulation of both lineages and the frequency 

of influenza B lineage-level vaccine mismatch. Finally, we had no data 

available for some large and densely populated countries like 

Colombia, Venezuela and Peru. 

In conclusion, the substantial heterogeneity of spatio-

temporal patterns of influenza epidemics between countries of Latin 

America, especially those located in tropical regions, implies that the 

effectiveness of the annual seasonal influenza vaccine may be 

moderate or low in some countries and some years. In tropical 

countries or regions where there is little seasonality and/or bimodal 

epidemic curves, effectiveness may be consistently low because 

protection may not have time to develop, or have already fallen, when 

influenza activity peaks. These latter findings call for a reflection on 

how to move beyond the limits of applying existing influenza 

prevention strategies that have proved effective in temperate climates 

to tropical areas of Latin America.  
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6.1 Abstract 

We aimed to assess the epidemiology and spatiotemporal 

patterns of influenza in the World Health Organization (WHO) 

European Region and evaluate the validity of partitioning the Region 

into five influenza transmission zones (ITZs) as proposed by the 

WHO. We used the FluNet database and included over 650,000 

influenza cases from 2000 to 2015. We analysed the data by country 

and season (from July to the following June). We calculated the 

median proportion of cases caused by each virus type in a season, 

compared the timing of the primary peak between countries and used 

a range of cluster analysis methods to assess the degree of overlap 

between the WHO-defined and data-driven ITZs. Influenza A and B 

caused, respectively, a median of 83% and 17% cases in a season. 

There was a significant west-to-east and non-significant (p = 0.10) 

south-to-north gradient in the timing of influenza activity. Typically, 

influenza peaked in February and March; influenza A earlier than 

influenza B. Most countries in the WHO European Region would fit 

into two ITZs: ‘Western Europe’ and ‘Eastern Europe’; countries 

bordering Asia may be better placed into extra- European ITZs. Our 

findings have implications for the presentation of surveillance data 

and prevention and control measures in this large WHO Region. 
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6.2 Introduction 

The World Health Organization (WHO) European Region 

includes 53 countries covering a total population of nearly 900 

million inhabitants. Influenza has a substantial medical and economic 

burden every season in the World Health Organization European 

Region (WHO/ Europe) [1-4], and the reduction of influenza-related 

morbidity and mortality has long been recognised as a priority health 

objective in Europe. Influenza viruses spread rapidly and their 

transmission can be favoured by anthropogenic factors such as the 

increase in international travel and commuters’ mobility [5-8]. The 

WHO European Region has become increasingly interconnected, 

especially since the end of the Cold War in 1991 and the eastward 

enlargement of the European Union (EU), and it is widely accepted 

that efficient and timely influenza surveillance must be coordinated at 

national and supranational level. Countries in the west of Europe 

have been sharing epidemiological and virological data via the 

European Influenza Surveillance Scheme (EISS) since 1996 [9,10], 

and this collaborative project became in 2008 the European Influenza 

Surveillance Network (EISN) coordinated by the European Centre for 

Disease Prevention and Control (ECDC). The WHO Regional Office 

for Europe extended the surveillance activities of EISS to all countries 

of the WHO European Region in 2008 [10]. 

Influenza epidemics typically peak during the northern 

hemisphere winter (November to March) in the WHO European 

Region [11,12]. Earlier research found that the timing of influenza 

activity moves across Europe, frequently travelling from west to east 

and, less frequently, from south to north [13,14], suggesting that there 

may be some heterogeneity in the timing of influenza epidemics 

among countries of the WHO European Region. 

The WHO influenza transmission zones (ITZs) were 

established by the WHO Global Influenza Programme during the 

2009 pandemic (personal communication, Julia Fitzner, WHO, April 

2017). The 53 countries of the WHO European Region fall into five 

different ITZs: Northern Europe (10 countries), South West Europe 

(22 countries), Eastern Europe (10 countries), Western Asia (six 

countries) and Central Asia (five countries) (Figure 6.1). 



127 

Figure 6.1. Countries included in the WHO European Region and 

their subdivision into the WHO Influenza Transmission Zones. 

 

 

 

WHO: World Health Organization. 

Based on [15]. Blue: Northern Europe; orange: South West Europe; green: Eastern Europe; red: 

Central Asia; violet: Western Asia.  

 

The ITZs were defined as large supranational areas 

encompassing “countries, areas or territories with similar influenza 

transmission patterns” [15]. As far as we know, no study has been 

conducted to verify whether the partitioning of the WHO European 

Region is justified from an epidemiological and/or virological 

standpoint. The aim of the present study was therefore to assess the 

epidemiology and spatiotemporal patterns of influenza A and B in the 

WHO European Region, and evaluate the validity of its partitioning 

into five ITZs as proposed by WHO. 
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6.3 Methods 

6.3.1 Source of data 

 

FluNet is a publicly available, web-based database maintained 

by the WHO Global Influenza Surveillance and Response System 

since 1995, in which National Influenza Centres (NICs) from 

countries around the world enter epidemiological and virological data 

on influenza on a weekly basis [16]. On 12 October 2015, we 

downloaded the weekly number of laboratory-confirmed influenza 

cases reported to the national surveillance systems of all countries in 

the WHO European Region from week 1/1999 onwards, broken down 

by virus type (influenza A, B), subtype (H1N1, H1N1pdm09, H3N2, 

not subtyped) and lineage (Victoria, Yamagata, not characterised). 

Because seasonal influenza epidemics typically occur in the 

winter months in temperate countries of the northern hemisphere, we 

opted to use ‘country season’ as the unit of analysis, defined as the 

period between 1 July of a year and 30 June of the following year in a 

given country. Therefore, we finally included in the analyses the data 

from week 27/1999 to week 26/2015. 

 

6.3.2 Descriptive analysis 

 

For each country and season, we determined the proportion of 

laboratory-confirmed influenza cases that were caused by each virus 

type, subtype and lineage, and calculated the corresponding median 

value for all countries in the WHO European region. We then 

calculated the percentage of country seasons in which a given virus 

type, subtype and lineage accounted for 50% or more of all reported 

influenza cases. In order to increase the reliability of the results, 

country seasons with fewer than 100 overall reported influenza cases 

were excluded from this analysis. This number was chosen as a trade-

off between the necessity to have a sufficiently high number of cases 

to estimate key epidemic parameters (including the timing of the 

epidemic peak), and the requirement to include as many countries as 

possible, which was important given the main objective of our 

analysis. 
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6.3.3 Spatiotemporal patterns of influenza epidemics 

Data before 2009 were not used for the study of 

spatiotemporal patterns of influenza epidemics in the WHO European 

Region because they were not complete for most countries. The 

pandemic season 2009/10 was also excluded as it was an atypical 

season with the introduction of a novel pandemic strain (influenza 

A(H1N1)pdm09) [17], hence not suitable for seasonal analyses. 

Spatiotemporal analyses were therefore performed from week 

27/2010 to week 26/2015. 

For each site, we first de-trended the time series with a 

quadratic polynomial. We then generated a periodic annual function 

(PAF) of each time series by summing up the annual, semi-annual 

and quarterly harmonics as obtained by Fourier decomposition 

[18,19]. The timing of the primary peaks of the PAF was extracted and 

compared between sites, as based on their latitude (defined as the 

latitude of the NIC; in countries with more than one NIC, we chose 

the one situated in the largest city). The timing of the primary peak 

indicates the period when the maximum intensity of disease burden 

usually takes place. Primary peaks were also extracted separately for 

influenza A and B. 

 

6.3.4 Influenza transmission zones 

We chose a cluster analysis approach to obtain data-driven 

ITZs using the country season as the unit of analysis. Several 

algorithms are available to group objects into a set of mutually 

exclusive and exhaustive clusters. Here, there was no a priori reason 

to prefer any specific cluster analysis technique; therefore, we 

selected a procedure whereby the outputs of several cluster models 

were compared with one another in order to identify groups of 

countries that were consistently (i.e. across different models) assigned 

to the same cluster. We used a multiple cluster approach to draw 

robust conclusions and not be dependent on a single clustering 

methodology or a set of inputted parameters. 

A common requirement for most cluster analysis algorithms is 

that there must not be any missing values for the variables that are 
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used for the analysis. In our analysis, this implies that all included 

countries must have influenza surveillance data for all seasons. 

Because of this requirement, we limited the database used for the 

cluster models to data from four consecutive seasons (2011/12 to 

2014/15) in 37 countries (see below for details). This selection was 

made as there was a substantial reduction in the number of countries 

(from 37 to 23) when extending the database to 2010/11, and no gain 

by reducing the number of seasons to three (by dropping the 2011/12 

season). 

In each season and country, we calculated the start and the 

peak of the influenza season, defined retrospectively as the first week 

in which at least 10% of all reported cases had occurred [20], and, 

respectively, the week with the highest number of reported cases. As 

the epidemics caused by the different influenza virus types and 

subtypes may differ in timing in the same country and season, the 

week of start and peak were calculated for all influenza cases taken 

together and separately for influenza A(H1N1)pdm09, A(H3N2) and 

B (if there were fewer than 100 cases for a given virus (sub)type, the 

start and peak of the epidemic caused by that virus (sub)type were 

assumed to coincide with those of the overall influenza season). We 

then calculated the median start and peak week of the influenza 

season (overall and by virus (sub)type) across seasons. 

We fitted several cluster analysis models by varying the 

statistical method and the variables inputted in the model. In terms of 

the clustering algorithm, we used complete linkage, average linkage 

and k-means clustering. Concerning the model parameters, we 

hypothesised that the ITZs may differ with regard to the timing of the 

influenza season, the influenza virus mixing by season, or both. 

Accordingly, we initially fitted cluster models that included ‘timing’ 

parameters only (season-specific or median start and/or peak of the 

influenza season, for all influenza cases or by virus (sub)type), ‘virus 

mixing’ parameters only (percentage of influenza cases caused by 

each virus (sub)type), or both sets of parameters. We present here 

results generated by the models that included the timing parameters 

only, as the other models did not yield consistent and 

epidemiologically meaningful results (i.e. the geographical clusters 

were too diverse or varied). 
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Overall, the cluster analysis was repeated 18 times using 

different models. As there was no a priori criterion to prefer any 

single model over the others, we opted to summarise the results by 

calculating, for each pair of countries, the proportion of the 18 cluster 

models in which both countries fell into the same cluster (‘proportion 

of agreement’) and used the following algorithm to identify data-

driven ITZs. 

 

6.3.4.1 Definition of the core cluster of countries in an influenza 

transmission zone  

A core cluster was defined when it included at least three 

countries and was identified according to two criteria: (i) The first (or 

‘internal’) criterion states that all core countries of an ITZ must have a 

proportion of agreement of 80–100% between one country and 

another. This criterion ensures that all countries in the ITZ fit in the 

same cluster. (ii) The second (or ‘external’) criterion states that all 

core countries of an ITZ must have a proportion of agreement < 70% 

with all countries belonging to a different ITZ. This criterion ensures 

that none of the countries in the ITZ fit into another ITZ. Together, 

these two criteria ensure that the ITZs are mutually exclusive, i.e. they 

rule out the possibility that a country may belong to more than one 

ITZ. Importantly, the separation of clusters was enhanced by our 

decision to impose a 10% buffer between the inclusion (≥ 80%) and 

the exclusion (< 70%) criterion. 

 

6.3.4.2 Expansion of existing influenza transmission zones by adding 

non-core countries  

The attribution of the remaining countries to an existing ITZ 

was made according to a relaxed version of the two criteria above. 

Namely, each remaining country was assigned to an existing ITZ if its 

proportion of agreement was 70–100% with all countries in that ITZ, 

and < 70% with all countries in a different ITZ. 
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6.3.4.3 Countries not allocated to an influenza transmission zone  

All of the remaining countries were considered not allocated to 

any ITZ. 

As the countries in the WHO European Region fall into five ITZs 

according to the WHO, we initially set the number of clusters in the 

models to five. As the results were not satisfactory (see below), we 

then modified the model’s settings by progressively reducing the 

number of clusters to four, three and two. 

 

6.3.5 Statistical software 

The EPIPOI software [19] was used to study the 

spatiotemporal patterns of influenza epidemics. We used Stata 

version 14 (Stata Corp, College Station, United States) to conduct the 

cluster analysis. Maps were prepared using freely available software 

(http://mapchart.net/). 

 

6.4 Results 

The FluNet database included 654,952 viral isolates collected 

during the study period (week 27/1999 through week 26/2015) in 47 

countries of the WHO European Region, of which 80.1% were 

influenza A and 19.9% were influenza B. No influenza surveillance 

data were available in the FluNet database for six countries: Andorra, 

Cyprus, Monaco, San Marino, Tajikistan, and Turkmenistan. Samples 

were unevenly distributed across countries, seasons and (sub)type. 

Samples were predominantly (82.9%) from the period 2009 to 2015, 

with 24.1% from the pandemic season (2009/10) alone. Most samples 

(51.1%) were from five countries (France, Norway, Russian 

Federation, Sweden and the United Kingdom (UK)), which 

contributed more than 45,000 samples each. 

 

 

http://mapchart.net/


133 

6.4.1 Descriptive analysis 

There were 417 seasons from 43 countries with at least 100 

reported influenza cases, ranging from a maximum of 16 seasons in 

Finland, France, Germany, Israel, Italy, Latvia, Norway, Portugal and 

the UK, to one season in Kyrgyzstan and Uzbekistan. There were no 

seasons with 100 or more reported influenza cases in four countries 

(Armenia, Azerbaijan, the former Yugoslav Republic of Macedonia 

and Montenegro), which were therefore excluded from further 

analyses. Influenza A and B accounted for a median 82.6% and 17.4% 

of cases in a season, respectively. Influenza A accounted for 50% or 

more of all reported influenza cases in 361 of 417 seasons (86.6% of 

all seasons), while influenza B predominated in 56 seasons (13.4%). 

In more than one third (36.6%) of the influenza A seasons, influenza 

A(H3N2) was dominant, followed by influenza A(H1N1) pdm09 

(28.8% of the influenza A seasons), not subtyped influenza A (28.8%) 

and pre-pandemic influenza A(H1N1) (5.8%). Only 12.1% of reported 

influenza B cases were characterised, making it impossible to perform 

an analysis by lineage. In most seasons, different virus (sub)types 

were dominant in different countries: the only exceptions were the 

seasons 1999/00 and 2003/04, which were dominated by the 

A(H3N2) subtype across the whole Region, and the season 2009/10, 

where the pandemic strain caused more than 85% of influenza cases 

in all countries. The number of influenza samples (by virus type, 

subtype and lineage) reported in each country is available in Table 

6.1. 

 

6.4.2 Spatiotemporal patterns of influenza epidemics 

Influenza surveillance data for the period between week 

27/2010 and week 26/2015 included 278,773 influenza A samples 

(72.6%) and 105,233 influenza B samples (27.4%) from 192 seasons in 

42 countries. The timing of primary peaks obtained from the 

influenza circulation series of each country relative to, respectively, 

their longitudes and latitudes is shown in Figure 2 and Figure 3. 

 

  



134 

Table 6.1. Laboratory-confirmed influenza samples reported in each country by virus type, subtype and 

lineage, FluNet database, WHO European Region, 1999-2015 (n=649,620). 

 

Country 

Number 
of 

seasons 
(a) 

Influenza 
cases 

A(H3N2) 
Pandemic 

A(H1N1)pdm09 

Pre-
pandemic 
A(H1N1) 

A not 
subtyped 

B 
Victoria 

B 
Yamagata 

B not 
characterized 

Median % 
A (min, 
max) (b) 

Median % 
B (min, 
max) (b) 

Albania  3 421 183 178 0 11 0 0 49 NA NA 

Austria  10 7,384 1,673 1,546 64 2,437 0 0 1,664 91 (42-100) 8 (0-57) 

Belarus  5 2,653 462 1,279 0 315 0 11 586 79 (65-92) 21 (8-35) 

Belgium  13 8,525 1,837 2,201 393 2,615 20 384 1,075 87 (45-100) 12 (0-54) 

Bosnia and 
Herzegovina  

2 681 57 477 0 136 0 0 11 NA NA 

Bulgaria  6 2,159 514 1,154 9 43 0 54 385 86 (12-100) 13 (0-87) 

Croatia  12 8,086 1,561 3,438 79 2,217 0 0 791 
88 (63-

100) 
11 (0-36) 

Czech 
Republic  

12 4,972 909 1,698 223 1,181 7 2 952 79 (17-99) 20 (0-83) 

Denmark  10 11,598 2,261 3,760 52 2,880 400 768 1,477 82 (19-100) 17 (0-81) 

Estonia  8 5,011 430 1,646 137 1,942 0 25 831 
88 (54-

100) 
11 (0-45) 

Finland  16 5,776 1,189 876 284 2,486 45 44 852 
88 (26-

100) 
11 (0-73) 

France  16 86,328 8,562 29,874 389 32,220 380 1,115 13,788 80 (45-99) 20 (0-54) 

Georgia  6 2,724 271 1,802 1 14 0 0 636 80 (16-99) 19 (0-83) 

Germany  16 23,002 9,865 4,231 2,142 2,421 1,144 1,215 1,984 83 (2-99) 16 (0-97) 

Greece  11 18,058 1,644 14,489 259 97 197 85 1,287 86 (22-99) 13 (0-78) 

Hungary  6 4,176 950 2,546 0 129 7 79 465 
85 (48-

100) 
15 (0-51) 
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Country 

Number 
of 

seasons 
(a) 

Influenza 
cases 

A(H3N2) 
Pandemic 

A(H1N1)pdm09 

Pre-
pandemic 
A(H1N1) 

A not 
subtyped 

B 
Victoria 

B 
Yamagata 

B not 
characterized 

Median % 
A (min, 
max) (b) 

Median % 
B (min, 
max) (b) 

Iceland  6 1,086 490 252 0 61 0 0 283 83 (18-100) 17 (0-81) 

Ireland  9 12,764 3,433 6,621 85 541 0 0 2,084 76 (38-99) 23 (0-61) 

Israel  16 15,131 1,856 8,658 387 2,459 4 0 1,767 78 (13-99) 21 (0-86) 

Italy  16 24,176 5,180 13,878 412 1,733 9 180 2,784 93 (17-99) 6 (0-82) 

Kazakhstan  6 2,491 1,233 454 11 208 0 5 580 74 (59-97)) 25 (2-41)  

Kyrgyzstan 1 256 0 207 0 45 0 0 4 NA NA 

Latvia  16 15,304 2,233 1,812 519 7,046 35 161 3,498 87 (34-100) 12 (0-66) 

Lithuania  5 2,677 415 1,464 1 363 0 39 395 77 (69-100) 22 (0-30) 

Luxembourg  8 3,838 507 1,762 59 593 0 93 824 78 (49-99) 21 (0-50) 

Malta  2 478 1 162 0 184 0 0 131 NA NA 

Republic of 
Moldova  

5 3,281 230 2,681 0 1 0 6 363 72 (52-100) 27 (0-47) 

The 
Netherlands 

8 11,514 3,697 4,132 14 1,678 152 975 866 88 (59-99) 11 (0-40) 

Norway  16 64,054 4,260 14,392 454 27,362 621 2,202 14,763 78 (30-99) 21 (0-69) 

Poland  6 6,433 103 3,912 12 1,611 11 0 784 84 (63-98) 15 (1-36) 

Portugal  16 8,558 2,451 3,057 290 973 17 608 1,162 89 (2-100) 10 (0-97) 

Romania  14 10,766 1,764 6,751 579 32 26 3 1,611 71 (13-100) 28 (0-86) 

Russian 
Federation  

15 82,364 20,143 39,837 2,979 2,952 5 29 16,419 78 (3-93) 21 (6-96) 

Serbia  6 2,053 434 1,326 0 28 0 1 264 92 (52-100) 7 (0-47) 

Slovakia  6 2,237 211 1,228 28 260 44 239 227 70 (45-100) 29 (0-54) 
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Country 

Number 
of 

seasons 
(a) 

Influenza 
cases 

A(H3N2) 
Pandemic 

A(H1N1)pdm09 

Pre-
pandemic 
A(H1N1) 

A not 
subtyped 

B 
Victoria 

B 
Yamagata 

B not 
characterized 

Median % 
A (min, 
max) (b) 

Median % 
B (min, 
max) (b) 

Slovenia  13 5,919 1,763 2,177 232 448 383 579 337 93 (16-99) 6 (0-84) 

Spain  12 42,830 10,106 15,688 518 7,360 4 26 9,128 81 (24-100) 18 (0-75) 

Sweden  14 54,336 4,613 18,029 80 20,156 282 380 10,796 90 (36-99) 9 (0-63) 

Switzerland  15 17,588 1,969 3,456 234 7,680 652 465 3,132 77 (18-99) 22 (0-81) 

Turkey  9 14,294 2,004 9,673 3 166 97 6 2,345 72 (29-99) 27 (0-70) 

Ukraine  8 6,007 711 2,366 50 1,290 2 32 1,556 76 (35-99) 23 (1-64) 

United 
Kingdom  

16 47,526 11,846 9,498 1,321 12,965 461 809 10,626 86 (31-100) 13 (0-68) 

Uzbekistan  1 105 35 3 0 0 0 0 67 NA NA 

WHO 
European 

region 
417 649,620 114,056 244,671 12,300 149,339 5,005 10,620 113,629 82% 17% 

 

NA: not applicable (countries with three or fewer seasons with data; WHO: World Health Organization. 

a Only seasons with 100 or more reported influenza cases were included. 

b Not reported if there were fewer than five seasons of data. 
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Figure 6.2. Timing of primary peak of influenza epidemics in the 

WHO European Region, by country longitude, WHO FluNet database, 

2010–15. 

 

 

WHO: World Health Organization. 
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Figure 6.3. Timing of primary peak of influenza epidemics in the 

WHO European Region, by country latitude, WHO FluNet database, 

2010–15. 

 

 

WHO: World Health Organization. 
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We found a notable coincidence in peak times: all countries 

(except the UK) had their primary peaks in February and March. 

Influenza epidemics usually peaked at the end of January in the UK - 

earlier than in the remaining countries. There was a non-significant 

longitudinal gradient in the timing of the primary peak, with 

countries in the west peaking earlier than those in the east (the typical 

timing of the primary peak fell at the end of January in the UK, and in 

mid-March in Ukraine). The p value was 0.125 when regressing the 

timing of the primary peak against the country’s longitude; however, 

the gradient became statistically significant (p = 0.001) when 

ignoring Kazakhstan, Uzbekistan and Iceland, which behaved as 

highly influential points in the model because of their geographical 

position. There appeared to be a slight, non-significant (p = 0.100) 

latitudinal gradient as well, with southern countries peaking a bit 

earlier than those countries with progressively higher latitudes in the 

north (for instance, mid-February in Spain and early March in 

Sweden). The time period between the earliest and latest country-

specific influenza peaks was two months in the WHO European 

Region (Figure 2). Considering that influenza viruses circulate for two 

weeks before and after the peak is reached in any given country [21], 

it appears that a typical influenza season lasts an average of three 

months in the WHO European Region. Influenza A peaked earlier 

than influenza B in most countries (Table 2): the average time period 

between the peak of influenza A and B was 1.6 weeks. 
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Table 6.2. Timing of primary peak of influenza A and B epidemics in 

the WHO European Region, WHO FluNet database, 2010–15 (n = 

384,006). 

 

Country Latitude Longitude 
Month primary peak 

Influenza 
(any type) 

Influenza A Influenza B 

Albania  41.1 19.5 2.68 2.66 2.96 

Austria  48.1 16.2 3.02 2.88 3.47 

Belarus  53.5 27.3 2.90 2.87 3.06 

Belgium  50.5 4.2 2.53 2.58 2.42 

Bosnia and 
Herzegovina 

43.5 18.2 2.30 2.29 3.48 

Bulgaria 42.7 23.3 2.83 2.69 3.16 

Croatia  45.5 15.6 2.85 2.78 3.65 

Czech Republic  50.0 14.3 2.84 2.62 3.67 

Denmark 55.4 12.3 2.93 2.83 3.22 

Estonia 59.3 24.4 2.99 2.95 3.19 

Finland  60.1 24.6 2.57 2.55 2.66 

France  48.5 2.2 2.73 2.71 2.78 

Georgia 41.4 44.5 2.95 2.81 3.20 

Germany  52.3 13.2 2.87 2.67 3.46 

Greece  37.6 23.4 2.77 2.71 3.26 

Hungary 47.3 19.0 3.03 2.87 3.59 

Iceland  64.1 -21.6 2.92 2.77 3.47 

Ireland  53.2 -6.2 2.61 2.69 2.33 

Israel 32.2 34.5 2.59 2.54 2.92 

Italy  41.5 12.3 2.50 2.42 2.86 

Kazakhstan  43.2 76.5 2.85 2.78 3.08 

Latvia  56.6 24.6 3.14 2.95 3.53 

Lithuania  54.4 25.2 2.55 2.42 3.19 

Luxembourg  49.4 6.1 2.63 2.64 2.61 

Malta 35.5 14.3 2.11 2.00 2.76 

Netherlands  51.5 4.3 2.60 2.44 3.29 

Norway  59.6 10.4 2.80 2.77 2.87 

Poland  52.1 21.1 2.44 2.30 3.44 

Portugal  38.4 -9.8 2.51 2.52 2.48 

Republic of 
Moldova  

47.0 28.6 3.06 3.03 3.12 

Romania  44.3 26.1 3.37 3.27 3.53 

Russian 
Federation  

55.4 37.4 3.28 3.22 3.54 

Serbia  44.5 20.3 3.10 3.02 3.46 
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Country Latitude Longitude 
Month primary peak 

Influenza 
(any type) 

Influenza A Influenza B 

Slovakia  48.1 17.1 3.24 3.15 3.47 

Slovenia  46.0 17.1 2.82 2.65 3.34 

Spain  40.2 -3.4 2.53 2.43 2.82 

Sweden  59.2 18.0 3.14 3.00 3.56 

Switzerland  46.1 6.1 2.81 2.72 3.06 

Turkey  39.6 32.5 2.90 2.45 3.64 

Ukraine  50.3 30.3 3.57 3.75 1.72 

United Kingdom  51.3 -0.7 1.89 1.93 1.83 

Uzbekistan  41.2 69.1 2.47 2.78 2.27 

 

WHO: World Health Organization. 

 

6.4.3 Influenza transmission zones 

For the cluster analysis, we included 290,915 influenza cases 

reported from July 2011 to June 2015 in 37 countries in the WHO 

European Region (all those included in the previous analyses except 

Bosnia and Herzegovina, Czech Republic, Kyrgyzstan, Malta, Slovakia 

and Uzbekistan). 

The output of models with a five-cluster setting was largely 

inconsistent both between models and with respect to the ITZs 

proposed by the WHO. Results were highly dependent on the 

methodology used to derive the clusters and the parameters inputted 

into the model. Upon calculating the proportion of agreement and 

applying the algorithm described above, it was possible to identify a 

single ITZ, which included only seven countries (Austria, Denmark, 

Estonia, Georgia, Greece, Hungary and Republic of Moldova) that 

were largely non-contiguous with each other. 

The models’ outputs became progressively more consistent 

between one another when the number of clusters was reduced to 

four and three, although the ITZs were still small and not entirely 

sensible from a geographical standpoint as they were partly formed by 

non-neighbouring countries. Models assuming two clusters led to the 

identification of two data-driven ITZs which we have named ‘Western 

Europe’ and ‘Eastern Europe’ (Figure 4), although these labels were to 

some extent inaccurate: Albania, Bulgaria and Israel were assigned to 
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the Western Europe ITZ and Denmark was assigned to Eastern 

Europe. The non-core countries were Ireland, Norway and the UK in 

the Western ITZ, and Estonia and Ukraine in the Eastern ITZ. The 

assignment of Greece and Poland to the ‘Eastern Europe’ ITZ, and of 

Slovenia to the ‘Western Europe’ ITZ, was not possible because their 

proportion of agreement with one country in the other ITZ was ≥ 

70%. For the other non-assigned countries (Croatia, Georgia, 

Germany, Kazakhstan, Netherlands and Turkey), the inclusion and 

exclusion criteria were not met in two or more cases. 

Influenza epidemics started and peaked 2–3 weeks earlier in 

the Western than in the Eastern Europe ITZ (median week of start: 2 

vs 4; median week of peak: 5 vs 8). There were no statistically 

significant differences in the median percentage of influenza cases 

that were caused by each virus (sub)type in countries belonging to the 

two ITZs (data not shown). Nine countries could not be assigned to 

either ITZ, some of which (the Netherlands, Germany, Slovenia, 

Croatia, Greece and Turkey) form a border or line between the two 

zones in a direction from the north-west to the south-east. Ireland in 

Western Europe, Georgia in the Caucasus region, Kazakhstan in 

Central Asia, and Poland were also non-classified countries. 
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Figure 6.4. Partitioning of countries of the WHO European Region 

into two cluster models-derived influenza transmission zones, WHO 

FluNet database, July 2011–June 2015. 

 

 

WHO: World Health Organization. 

Blue: ‘Western’ zone; green: ‘Eastern’ zone; grey: countries not assigned to any influenza 

transmission zone; red: countries not included in the analysis. 

 

6.5 Discussion 

We investigated the epidemiology and spatiotemporal patterns 

of influenza in the WHO European Region and evaluated whether the 

allocation of countries of this large world region into five ITZs (as 

proposed by WHO) could be confirmed from an epidemiological 

standpoint. Influenza A(H3N2) was most frequently the dominant 

virus in the study period (2000–15), followed by influenza A(H1N1) 

and influenza B. Epidemic peaks were distributed over a period of two 

months, with longitudinal (west-to-east) and latitudinal (south-to-

north) gradients of timing. The peak of influenza B epidemics 

typically occurred later than those for influenza A, in agreement with 

earlier findings [22-25]. On the basis of our analysis, partitioning the 

WHO European Region into two ITZs (‘Western Europe’ and ‘Eastern 

Europe’) appeared to be the most appropriate, despite some 

inconsistencies in some countries in central Europe and along the 

border between the WHO European Region and Asia. 
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The introduction of the 2009 pandemic strain caused a change 

in the amount of data collected each season, which surged in 2009 

and was then maintained at much higher levels compared with pre-

pandemic times. The proportion of all available data collected in the 

seasons 1999–2008, 2009/10 and 2010–15 was 17.1%, 24.1% and 

58.8%, respectively. The 2009 pandemic was a powerful incitement to 

ensure that many countries in the Region started to contribute their 

influenza surveillance data on a regular basis into a publicly 

accessible database (the WHO FluNet), which represents a valuable 

tool for researchers worldwide. Despite these important 

achievements, there are still some shortcomings in the quality and 

availability of influenza surveillance data in the WHO European 

Region. For instance, data are available for only a few countries on 

the Balkan peninsula, the Caucasus and central Asia, the proportion 

of influenza B cases that are being characterised is still very low, it 

would be desirable to have regional data for the Russian Federation, 

given its large population spread over a very vast territory, and, in 

contrast to the original EISS database [10], we noticed that the FluNet 

database has no data for a number of countries and seasons (e.g. 

Belgium 2005–07, Ireland 2005–07, the Netherlands 2003–07 and 

Slovakia 2003–07). 

The study period covered by our analyses was characterised by 

the 2009 influenza pandemic, the first pandemic since 1968. 

Although influenza cases caused by the influenza A(H1N1)pdm09 

virus strain were the most represented in the study database overall 

(probably because of the intense sampling effort during the 2009 

pandemic), the majority of seasons were dominated by the A(H3N2) 

virus subtype, both before and after the pandemic year. Moreover, it 

is worth noting that the influenza B virus type caused a substantial 

proportion of influenza cases, as it accounted for a median of 17.2% of 

all cases reported in a season. These findings are in line with those of 

previous reports focusing on countries in both hemispheres and in the 

intertropical convergence zone [22,26] and highlight the role of 

influenza B as an important contributor to the total burden of disease 

of influenza. 

We investigated the seasonal patterns of influenza circulation 

across a large range of latitudes and longitudes in Europe and part of 

western Asia. Because all countries are in the temperate region of the 



145 

northern hemisphere, they all share the same winter timing and their 

seasonal patterns of influenza circulation were similar. The 

differences in the timing of influenza epidemics appeared to be 

smoothly distributed along a continuum in this large world area, 

without any clean break between countries or group of countries. The 

overall period of influenza activity can be estimated at about three 

months in a typical season, and there were longitudinal (west-to-east, 

significant) and latitudinal (south-to-north, not significant) patterns 

in the timing of seasonal peaks. Our findings suggest that the WHO 

European Region is not homogeneous with regard to the spread of 

influenza epidemics, though probably not so fragmented as to justify 

its partitioning into five ITZs. 

Our analysis, based on data-driven clustering techniques, 

indicated that most countries of what is traditionally defined as 

Europe (i.e. the countries situated east of the Ural Mountains, not 

including Asian countries) can be grouped into two ITZs, separated by 

a curved line running across continental Europe in the direction from 

the north-west to the south-east. Compared with the partitioning 

proposed by WHO, most countries in the Northern Europe and South 

West Europe ITZs would merge into a single data-driven ITZ (which 

we named ‘Western Europe’; exceptions are Denmark, Germany, the 

Netherlands, Austria, Slovenia, Croatia, Serbia and Greece). The 

WHO-defined and data-driven ITZs for ‘Eastern Europe’ overlap well, 

except for the Baltic countries, Poland and Bulgaria. Finally, our 

results support the attribution of Turkey, the countries of the 

Caucasus and those in central Asia to extra-European ITZs, as 

proposed by the WHO; however, the limited availability of data for 

these countries does not allow definitive conclusions. The two data-

driven ITZs differ from one another in the timing of epidemics but not 

in terms of circulating virus (sub) types, therefore the term ‘influenza 

transmission zone’ does not appear to be entirely appropriate and 

might be reconsidered. 

We believe that establishing data-driven ITZs in the WHO 

European Region has important public health implications and can 

serve multiple purposes. Information on the course of influenza 

seasons could be developed and communicated at ITZ level in 

addition to the national level. Preparedness planning of seasonal 

influenza activity could be coordinated among countries included in 
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the same ITZ. Also, the distribution of sentinel sites on the territory of 

countries within each ITZ could be redesigned so as to optimise the 

influenza surveillance activities in the ITZ as a whole. Because of the 

west-to-east and south-to-north gradients of spread, it may be 

worthwhile to evaluate whether, and to what extent, countries in the 

south-west of Europe could serve as sentinel sites for the rest of the 

WHO European Region (or at least for the Western Europe ITZ). 

Finally, by merging countries with similar patterns of influenza 

transmission, and in particular, with synchronised timing of influenza 

epidemics, the ITZs could be also seen as vaccination zones [27], i.e. 

groups of countries for which the timing of influenza vaccination 

campaigns could benefit from harmonisation. 

A major strength of our study is the use of surveillance data 

from most countries in the WHO European Region for several 

consecutive influenza seasons. We used a range of complementary 

statistical techniques to study spatiotemporal patterns of influenza 

epidemics. As far as we know, this is the first study to assess the 

validity of the WHO-defined ITZs in a defined world Region of WHO. 

We chose to average the outputs from cluster analysis models with 

varying model specifications to increase the robustness of our results. 

However, because of the exploratory nature of our analytical 

approach, the limited number of seasons included in the cluster 

analysis, and some inconsistencies in the results, further analyses 

using alternative methods are warranted to confirm or refute our 

findings. For instance, this is the first study which has tried to define 

ITZs by averaging models from multiple clustering techniques, and 

we had no guidance on what thresholds we should use to define an 

ITZ. Also, different definitions to determine the start of an influenza 

season are available [28] and these may lead to different results. In 

addition, taking into account other parameters of an influenza season 

may help improve the partition of the WHO European Region into 

different ITZs. 

We recommend that our cluster analysis for the WHO 

European Region is repeated within 3–4 years (with twice the amount 

of data) and the investigation is extended to bordering Regions. By 

including, for instance, Northern Africa and the Middle East, one may 

be able to categorise countries such as Turkey and Georgia that were 
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not assigned to an ITZ in our analysis. This will allow a better 

definition of the ITZs for the WHO European Region and world-wide. 
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7.1 Abstract 

Introduction: The global epidemiology of many infectious diseases is 

changing, but little attention has been paid to whether the timing of 

seasonal influenza epidemics changed in recent years. This study 

investigated whether the timing of the peak of influenza epidemics 

has changed in countries of the World Health Organization (WHO) 

European Region between 1996 and 2016. Methods: Surveillance data 

were obtained from the WHO FluNet database. For each country and 

season (July to June of the next year), the peak was defined as the 

week with the highest 3-week moving average for reported cases. 

Linear regression models were used to test for temporal trends in the 

timing of the epidemic peak in each country and to determine 

whether this differed geographically. Results: More than 600,000 

influenza cases were included from 38 countries of the WHO 

European Region. The timing of the epidemic peak changed according 

to a longitudinal gradient, occurring progressively later in Western 

Europe (e.g. by 2.8 days/season in Spain) and progressively earlier in 

Eastern Europe (e.g. by 3.5 days/season in the Russian Federation). 

Discussion: These results were confirmed in several sensitivity 

analyses. Our findings have implications for influenza control and 

prevention measures in the WHO European Region, for instance for 

the implementation of influenza vaccination campaigns.  
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7.2 Introduction 

The global epidemiology of many infectious diseases has 

changed in recent years; a number of concomitant and mostly 

anthropogenic factors play a role in this process, including climate 

change, increased urbanisation, population mobility, deforestation, 

agricultural intensification and forced displacement of human 

populations [1]. Most research has focused on malaria and other 

vector-borne infections [2-4] or on and food- and waterborne diseases 

[5,6]. The question of whether the timing of seasonal influenza 

epidemics has changed in recent years has received comparatively 

little attention. However, influenza seasonality is known to be linked 

to many of the above factors [7-12], and the temporal characteristics 

of influenza epidemics may evolve over time as a result of changes in 

these factors [13,14]. 

Seasonal influenza epidemics in the northern hemisphere are 

typically characterised by a short epidemic period of 8 to 12 weeks 

that varies in intensity during the winter months (November to 

March) [15] and are associated with substantial morbidity and 

mortality. Annual vaccination is the most effective measure to reduce 

the burden of influenza and is most effective when vaccination 

campaigns coincide optimally with seasonal epidemics. Considering 

that 2 to 4 weeks may be required to develop an immune response to 

the vaccine [16] and protection may wane within 6 months [17], the 

timing of the epidemic peak is an important element that should be 

considered to optimise the effectiveness of influenza vaccination 

campaigns. 

To assess whether the epidemiology of influenza has changed 

in the World Health Organization (WHO) European Region (900 

million inhabitants), we examined for each country and the Region as 

a whole whether the timing of epidemic peaks has changed (i.e. 

occurs earlier or later) between 1996 and 2016.  
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7.3 Methods 

7.3.1 Data 

Influenza virological surveillance data were obtained from the 

publicly available web-based database FluNet, which is coordinated 

by the WHO [18]. Information on the weekly number of laboratory-

confirmed cases of influenza (overall and by virus type, subtype and 

lineage) is entered into the FluNet database by the national influenza 

centres and other influenza reference laboratories of 113 countries 

participating in the Global Influenza Surveillance and Response 

System. On 6 November 2016, influenza surveillance data were 

downloaded for the period between week 27/1996 (starting 1 July 

1996) and week 26/2016 (starting 27 June 2016), henceforth referred 

to as the study period, for all 53 countries in the WHO European 

Region [19]. We excluded from the dataset the 2009/10 influenza 

season and influenza A(H1N1)pdm2009 influenza cases reported 

between April and June 2009 (for all countries), seasons with fewer 

than 20 weeks of reporting or fewer than 100 influenza cases overall 

(only for countries where this applied), and countries that had data 

for fewer than five influenza seasons.  

 

7.3.2 Definitions 

The unit of analysis was the ‘season’, which was defined as the 

period between 1 July of one year and 30 June of the next year. For 

each country and season, the peak of the influenza epidemic was 

defined as the week in which the 3-week moving average of the 

number of reported influenza cases was highest [20]. Where the peak 

could not be identified unambiguously, the duration of the moving 

average was expanded by 2-week increments until the peak could be 

identified unambiguously. Because a given epidemiological week 

could start on different days in different years, the week number of 

the epidemic peak was replaced with the progressive number of the 

day in a year (1 to 365) corresponding to the Wednesday of that week. 
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7.3.3 Statistical analysis 

For each country, linear regression models were used to assess 

the association between the season (independent variable) and the 

timing of the peak (dependent variables) (Model 1). A beta coefficient 

> 0 indicated that, with each influenza season, the influenza epidemic 

peak occurred progressively later; a beta coefficient < 0 indicated the 

opposite trend. 

Linear regression models were then used to assess the 

association between the geographical coordinates (latitude and 

longitude) of each country’s centroid [21] (independent variables) and 

the shift in timing of the peak (Model 2). A beta coefficient > 0 

indicated that the shift in timing of the epidemic peak increased 

moving from east to west (for longitude) or from south to north (for 

latitude); a beta coefficient < 0 indicated the opposite trend. For all 

regression models, the 95% confidence interval (CI) for the beta 

coefficient, the p value, and the coefficient of determination R2were 

calculated. We did not fit random effect meta-analysis models to 

obtain a summary beta coefficient for the whole WHO European 

Region analyses because the country-specific beta coefficients (Model 

1) were highly heterogeneous owing to a statistically significant 

relationship with the country longitude (see Results section). 

Influenza epidemics tend to spread according to west-to-east 

and (less frequently) south-to-north gradients in the WHO European 

Region [22]. In order to assess whether the duration of influenza 

activity in the WHO European Region changed in recent years, we 

defined the duration as the number of days between the epidemic 

peak in countries in the west and east of the WHO European Region, 

and used linear regression models to explore whether this varied with 

time. The countries selected for this analysis were countries that were 

situated at the western (Portugal and the United Kingdom (UK)) or 

eastern (Russian Federation) edges of the Region with data available 

for a large number of seasons (from 2004/05 to 2015/16). A beta 

coefficient above (below) zero means that the duration of influenza 

activity in the WHO European Region became progressively longer 

(shorter) each season during the study period.  

All analyses were conducted using Stata version 14 (Stata 

Corp, College Station, TX). Maps were prepared using Map Chart 
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(http://mapchart.net/). All statistical significance tests were two-

sided and p values < 0.05 were considered significant. 
 

7.3.4 Sensitivity analysis 

The impact of very early or late epidemic peaks was assessed 

by excluding one season at a time from the analyses. The impact of 

geographical outliers was assessed by first identifying outliers and 

influential points (i.e. points that significantly influence the output of 

Model 2) using studentised residuals, Cook’s D and difference in fits 

(DFFITS) [23,24]) and then by excluding the identified countries 

from analyses. Finally, to assess the impact of removing countries 

with limited data, all analyses were repeated excluding countries that 

had data for less than seven or less than 10 seasons (the basic analysis 

already excluded countries with less than five seasons, see above). 

In order to test the robustness of results, all analyses were 

repeated using the 3-week moving average of the positive detection 

rate (defined as the ratio of the number of reported cases over the 

number of respiratory specimens processed in the same week) instead 

of the 3-week moving average of the number of reported cases.  

 

7.4 Results 

The initial dataset included 819,332 influenza cases from 676 

seasons in 49 countries of the WHO European Region; no data were 

available for Andorra, Cyprus, Monaco and San Marino. After 

applying the exclusion criteria, the final dataset used for the analysis 

included 635,046 influenza cases from 400 seasons in 38 countries 

(Table 7.1). The median number of seasons per country was 10 and 

ranged from five (Belarus, Bulgaria, Lithuania, Moldova and 

Slovakia) to 19 (Finland and Switzerland). The median number of 

influenza cases reported per season was 601 (interquartile range: 

267–1,414). 
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Table 7.1. Geographical and demographic characteristics and data 

availability of countries included in the analysis, WHO European 

Region, July 1996-June 2016 (n=38). 

 

Country 
Latitude 

(a) 
Longitude 

(a) 

Population 
(millions) 

(b) 

Number 
of seasons 
with data 

Median number 
of influenza 

cases per season 

Overall 
number of 
influenza 

cases 

Austria  47.2 N 13.2 E 8.7 8 850 8,686 

Belarus  53.0 N 28.0 E 9.6 5 546 3,869 

Belgium  50.5 N 4.0 E 11.3 13 516 7,171 

Bulgaria  43.0 N 25.0 E 7.2 5 321 1,526 

Croatia  45.1 N 15.3 E 4.5 10 681 7,819 

Czech 
Republic  

49.4 N 15.3 E 10.6 11 233 4,215 

Denmark  56.0 N 10.0 E 5.6 10 780 14,609 

Estonia  59.0 N 26.0 E 1.3 6 618 3,789 

Finland  64.0 N 26.0 E 5.5 19 291 7,894 

France  46.0 N 2.0 E 66.6 18 2,347 74,566 

Georgia  42.0 N 43.3 E 4.9 6 215 1,893 

Germany  51.0 N 9.0 E 80.9 17 1,412 25,880 

Greece  39.0 N 22.0 E 10.8 10 545 11,206 

Hungary  47.0 N 20.0 E 9.9 6 459 2,670 

Iceland  65.0 N 18.0 W 0.3 8 148 1,485 

Ireland  53.0 N 8.0 W 4.9 9 1,564 10,629 

Israel  31.3 N 34.4 E 8 11 763 8,837 

Italy  42.5 N 12.5 E 61.9 17 571 17,227 

Kazakhstan  48.0 N 68.0 E 18.2 7 598 3,461 

Latvia  57.0 N 25.0 E 2 16 551 16,549 

Lithuania  56.0 N 24.0 E 2.9 5 633 2,691 

Luxembourg  49.4 N 6.1 E 0.6 7 421 2,654 

Moldova  47.0 N 29.0 E 3.5 5 214 1,358 

The 
Netherlands 

52.3 N 5.4 E 16.9 7 1,033 12,097 

Norway  62.0 N 10.0 E 5.2 17 1,127 68,249 

Poland  52.0 N 20.0 E 38.6 6 1088 7,555 

Portugal  39.3 N 8.0 W 10.8 17 303 8,956 

Romania  46.0 N 25.0 E 21.7 14 335 5,729 

Russian 
Federation  

60.0 N 100.0 E 142.4 11 4,629 79,376 

Serbia  44.0 N 21.0 E 7.2 6 334 1,809 

Slovakia  48.4 N 19.3 E 5.4 5 279 1,657 

Slovenia  46.1 N 14.5 E 2 13 425 6,924 

Spain  40.0 N 4.0 W 48.1 11 4,697 41,185 

Sweden  62.0 N 15.0 E 9.8 15 2,452 57,236 

Switzerland  47.0 N 8.0 E 8.1 19 361 20,771 
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Country 
Latitude 

(a) 
Longitude 

(a) 

Population 
(millions) 

(b) 

Number 
of seasons 
with data 

Median number 
of influenza 

cases per season 

Overall 
number of 
influenza 

cases 

Turkey  39.0 N 35.0 E 79.4 7 1,056 14,725 

Ukraine  49.0 N 32.0 E 44.4 6 620 6,586 

United 
Kingdom  

54.0 N 2.0 W 64.1 17 1,079 61,507 

 

E: east; N: North; S: South; W: west; WHO; World Health Organization. 

Source: WHO FluNet database [18] for July 1996 to June 2016. Data from July 2009 to June 

2010 were excluded. 

a Latitude and longitude are for the centroid or centre point of the country. 

b Most recent estimates [35]. 

 

7.4.1 Timing of the influenza epidemic peak 

The peak of the influenza epidemics occurred progressively 

later during the study period in 25 countries (Figure 7.1 and Table 

7.2). The trend was statistically significant in Belgium, the Czech 

Republic, Portugal, Spain and Switzerland. In 13 other European 

countries, the influenza epidemic occurred progressively earlier, with 

a statistically significant trend in the Russian Federation and Ukraine. 
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Figure 7.1. Countries where the peak of reported influenza cases has 

occurred progressively later or earlier, WHO European region, July 

1996-June 2016 (n=53). 

 

 

Dark blue: later by ≥1 day every year; light blue: later by 0-<1 days every year; dark green: 

earlier by ≤1 day every year; light green: earlier by 0-<1 days every year, averaged over the study 

period; grey: countries not included in the analysis. 

Source: WHO FluNet database [18] for July 1996 to June 2016. Data for July 2009 to June 2010 

were excluded. 

 

Table 7.2. Temporal shift of the influenza pandemic peak in 

countries of the WHO European Region, July 1996-June 2016 

(n=38). 

 

Country 
Latitude 

(a) 
Longitude 

(a) 

No. 
seasons 

with data 

Shift in time of the epidemic peak 
(days/season) 

β (b) 95% CI 
p-

value 
R2 

Austria  47.2 N 13.2 E 8 0.80 -2.19 to 3.79 0.539 6.6% 

Belarus  53.0 N 28.0 E 5 -0.15 
-21.88 to 

21.58 
0.984 0.0% 

Belgium  50.5 N 4.0 E 13 2.56 0.09 to 5.04 0.044 32.0% 

Bulgaria  43.0 N 25.0 E 5 -1.90 
-14.67 to 

10.87 
0.668 7.0% 

Croatia  45.1 N 15.3 E 10 1.06 -2.62 to 4.73 0.526 5.2% 

Czech 
Republic  

49.4 N 15.3 E 11 2.69 0.36 to 5.03 0.028 43.0% 

Denmark  56.0 N 10.0 E 10 -0.34 -4.65 to 3.97 0.861 0.4% 

Estonia  59.0 N 26.0 E 6 -0.81 -9.66 to 8.03 0.811 1.6% 
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Country 
Latitude 

(a) 
Longitude 

(a) 

No. 
seasons 

with data 

Shift in time of the epidemic peak 
(days/season) 

β (b) 95% CI 
p-

value 
R2 

Finland  64.0 N 26.0 E 19 -0.14 -2.04 to 1.75 0.874 0.2% 

France  46.0 N 2.0 E 18 1.77 -0.08 to 3.61 0.059 20.5% 

Georgia  42.0 N 43.3 E 6 -5.03 -13.9 to 3.84 0.191 38.2% 

Germany  51.0 N 9.0 E 17 0.95 -0.74 to 2.64 0.248 8.8% 

Greece  39.0 N 22.0 E 10 0.76 -2.91 to 4.43 0.645 2.8% 

Hungary  47.0 N 20.0 E 6 0.97 -8.02 to 9.97 0.779 2.2% 

Iceland  65.0 N 18.0 W 8 1.93 -1.23 to 5.08 0.186 27.1% 

Ireland  53.0 N 8.0 W 9 3.70 -2.07 to 9.48 0.173 24.7% 

Israel  31.3 N 34.4 E 11 2.78 -0.85 to 6.42 0.117 25.0% 

Italy  42.5 N 12.5 E 17 0.82 -0.76 to 2.4 0.288 7.5% 

Kazakhstan  48.0 N 68.0 E 7 -2.77 -7.19 to 1.66 0.169 34.0% 

Latvia  57.0 N 25.0 E 16 0.93 -1.59 to 3.45 0.443 4.3% 

Lithuania  56.0 N 24.0 E 5 4.86 -15.01 to 24.74 0.493 16.8% 

Luxembourg  49.4 N 6.1 E 7 3.15 -1.7 to 7.99 0.156 35.8% 

Moldova  47.0 N 29.0 E 5 -1.66 -6.25 to 2.93 0.333 30.7% 

Netherlands  52.3 N 5.4 E 7 5.01 -3.99 to 14.01 0.212 29.0% 

Norway  62.0 N 10.0 E 17 0.38 -2.22 to 2.99 0.758 0.7% 

Poland  52.0 N 20.0 E 6 5.41 -3.3 to 14.12 0.160 42.7% 

Portugal  39.3 N 8.0 W 17 3.06 0.61 to 5.51 0.018 32.1% 

Romania  46.0 N 25.0 E 14 0.52 -2.69 to 3.74 0.729 1.0% 

Russian 
Federation  

60.0 N 100.0 E 11 -3.48 -6.58 to -0.38 0.032 41.8% 

Serbia  44.0 N 21.0 E 6 8.17 -3.15 to 19.5 0.116 50.1% 

Slovakia  48.4 N 19.3 E 5 -0.08 -0.62 to 0.46 0.654 7.6% 

Slovenia  46.1 N 14.5 E 13 -1.67 -4.48 to 1.15 0.219 13.4% 

Spain  40.0 N 4.0 W 11 2.78 0.3 to 5.26 0.032 41.7% 

Sweden  62.0 N 15.0 E 15 0.74 -1.79 to 3.26 0.540 3.0% 

Switzerland  47.0 N 8.0 E 19 2.12 0.26 to 3.98 0.028 25.4% 

Turkey  39.0 N 35.0 E 7 -1.85 -15.66 to 11.96 0.745 2.3% 

Ukraine  49.0 N 32.0 E 6 -9.63 -17.68 to -1.58 0.029 73.4% 

United 
Kingdom  

54.0 N 2.0 W 17 2.26 -0.8 to 5.32 0.136 14.2% 

 

CI: confidence interval; E: east; N: North; S: South; W: west; WHO; World Health Organization. 

Source: WHO FluNet database [18] for July 1996 to June 2016. Data from July 2009 to June 

2010 were excluded. 

a Latitude and longitude are for the centroid or centre point of the country. 

b Most recent estimates [35]. 
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Linear regression analysis indicated a statistically significant 

longitudinal gradient for the temporal shift of the epidemic peak in 

the WHO European Region (beta = 0.077; 95% CI: 0.034–0.121; p = 

0.001; R2 = 26.6%) (Table 7.3). 

 

Table 7.3. Relationship between the temporal shift of the influenza 

epidemic peak and a country’s longitude, and results of sensitivity 

analysis, WHO European Region, July 1996-June 2016 (n=38). 

 

Dependent variable 
Shift in time of the influenza epidemic peak 

(days/season) 

Independent variable Country longitude (a) 

Model output β (b) 95% CI p value R2 

All countries included (n = 38) 0.077 0.034 to 0.121 0.001 26.6% 

One season removed at a time 
(range) 

0.056 0.018 to 0.095 0.005 24.0% 

0.091 0.037 to 0.145 0.002 27.0% 

Countries with 7+ seasons of data 
(n = 27) 

0.062 0.039 to 0.085 <0.001 53.5% 

Countries with 10+ seasons of data 
(n = 20) 

0.052 0.026 to 0.077 <0.001 50.5% 

Outliers Serbia, Ukraine 

All countries except outliers 0.071 0.040 to 0.100 <0.001 40.3% 

Influential points Serbia, Ukraine, Georgia, Russian Federation 

All countries except influential 
points 

0.063 0.035 to 0.092 <0.001 38.5% 

 

CI: confidence interval. WHO: World Health Organization. 

Source: WHO FluNet database [18] for July 1996 to June 2016. Data from July 2009 to June 

2010 were excluded. 

a Latitude and longitude are for the centroid or (if not available) the centre point of each 

country. 

b A beta coefficient above (below) zero means that the temporal shift of the influenza peak was 

greater (smaller) by moving from east to west.  
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The peak of the epidemic occurred on average 2.28 days later 

every season at longitude 0° (95% CI: 1.07–3.49; p = 0.001), was 

stable over time at longitude ca 30° E, and occurred earlier every 

season at more eastern longitudes (by 2.37 days at 60° E) (Figure 

7.2). 

 

Figure 7.2. Association between a country’s longitude and the 

country-specific temporal shift of the influenza epidemic peak, WHO 

European region, July 1996-June 2016 (n=38). 

 

 

WHO: World Health Organization. 

Source: WHO FluNet database [18] for July 1996 to June 2016. Data for July 2009 to June 2010 

were excluded. 

Country codes (ISO 3166–1 alpha-2): AT: Austria; BE: Belgium; BG: Bulgaria; BY: Belarus; CH: 

Switzerland; CZ: Czech Republic; DE: Germany; DK: Denmark; EE: Estonia; ES: Spain; FI: 

Finland; FR: France; GE: Georgia; GR: Greece; HR: Croatia; HU: Hungary; IE: Ireland; IL: 

Israel; IS: Iceland; IT: Italy; KZ: Kazakhstan; LT: Lithuania; LU: Luxembourg; LV: Latvia; MD: 

Moldova; NL: the Netherlands; NO: Norway; PL: Poland; PT: Portugal; RO: Romania; RS: 

Serbia; RU: Russian Federation; SE: Sweden; SI: Slovenia; SK: Slovakia; TR: Turkey; UA: 

Ukraine; UK: United Kingdom. 
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7.4.2 Duration of influenza activity in the WHO European region 

The distance in time between the influenza epidemic peak in 

Portugal and in the Russian Federation decreased by an average 4.42 

days per season during the study period (95% CI: 0.49–9.33; p = 

0.072; R2 = 31.6%). In the comparison between the UK and the 

Russian Federation, the decrease was 5.99 days per season (95% CI: 

0.41–11.56; p = 0.038; R2 = 39.6%). 

 

7.4.3 Sensitivity analyses 

The analysis using the positive detection rate instead of the 

reported number of laboratory-confirmed influenza cases in Model 1 

and Model 2 yielded similar results. The existence of a longitudinal 

gradient was confirmed using this alternative approach (beta = 0.093; 

95% CI: 0.023–0.163; p = 0.010), although a smaller proportion of 

the variability between countries was explained by the country 

longitude (R2 = 16.9%). Using this alternative approach, the annual 

delay of the epidemic peak was 2.93 days at longitude 0° (95% CI: 

1.03–4.92; p = 0.004) and was null at longitude ca 30° E. 

The ‘leave-one-out’ sensitivity analysis confirmed the presence 

of a longitudinal gradient. The beta coefficient varied between 0.056 

(95% CI: 0.018–0.095; p = 0.005; R2 = 22.4%) when the 2015/16 

season was excluded and 0.091 (95% CI: 0.037–0.145; p = 0.002; R2 

= 27.0%) when the 2010/11 season was excluded (Table 7.3). Serbia 

and Ukraine were identified as outliers and as influential points, and 

Georgia and the Russian Federation were identified as influential 

points. Results were similar when these countries and when countries 

with limited data were excluded (Table 7.3). 
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7.5 Discussion 

This study showed that a key characteristic of seasonal 

influenza epidemics – the timing of the peak – has changed in the 

WHO European Region between 1996 and 2016. Unexpectedly, 

however, the timing of the peak did not change uniformly across the 

Region, but instead according to a longitudinal gradient, with 

influenza epidemics tending to peak progressively later in Western 

European countries and progressively earlier in Eastern European 

countries. These results were confirmed in several sensitivity 

analyses. 

Our findings have implications for influenza control and 

prevention in countries across the WHO European Region. The 

implementation of vaccination campaigns should be synchronised 

with the timing of influenza epidemics, considering that the optimal 

immune response to vaccination may take 2 to 4 weeks to develop 

[16] and may decline substantially within 6 months [17]. Accordingly, 

failure to consider a systematic shift in the timing of epidemics (i.e. 

the timing of their onset, 

 peak and end) may gradually reduce the effectiveness of influenza 

vaccination programmes. Influenza vaccination campaigns may need 

to be planned later inWestern Europe and earlier in Eastern Europe, 

especially if the observed trends persist in the coming years. 

Importantly, we observed exceptions to these general patterns, and 

each country needs to carefully assess their situation at a national 

level, i.e. verify that the current timing of vaccination campaigns is 

still optimal. For example, the peak in Denmark, which is considered 

to be a country in Western Europe, has remained fairly stable over the 

years, and this would suggest that the timing of the vaccination 

campaign may not need to be modified. 

One important consequence of these changes is that the 

overall duration of influenza activity in the WHO European Region 

(as a whole) has shortened over the past twenty years, with the 

average interval between peak influenza activity in western and 

eastern countries declining from nearly 2 months in 2004/05 (with 

influenza activity first peaking in the west and then in the east) to less 

than 3 weeks in 2015/16 (with peaks typically occurring in February 
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and March in most countries [25]). Our findings are particularly 

relevant for influenza vaccination programmes, as they suggest that 

the timing of epidemics and, therefore, the optimal time of 

vaccination has become better aligned across the whole WHO 

European Region, which in turn allows more coordinated and 

efficient management of surveillance and prevention efforts.  

Changes in national surveillance systems may lead to changes 

in some metrics of influenza epidemics, such as their duration (e.g. 

influenza surveillance limited to the period ‘week 40 to week 20’ vs 

year-round surveillance) and intensity (e.g. following changes in the 

definitions for influenza-like illness and acute respiratory syndrome). 

However, the timing of the epidemic peak is less sensitive to how an 

influenza surveillance system is structured, and we are confident that 

our findings are not an artefact but the description of an actual 

phenomenon. Although we found that the timing of the peak of 

seasonal influenza epidemics in Europe is changing, we did not 

investigate the possible causes of this change. As mentioned in the 

introduction, the temporal characteristics (e.g. timing and synchrony 

between countries) of influenza epidemics are influenced by several 

factors, including patterns of population mobility such as air travel 

and commuting [7,26] (especially in countries in Eastern European 

countries) and climatic and meteorological parameters (such as 

humidity, temperature and rainfalls) [8-10,12]. For instance, Towers 

et al. noted a systematic change in the timing of seasonal influenza 

epidemics in the United States from 1997 to 2013, with warm winters 

that tended to be followed by severe epidemics with early onset and 

peak in the following year [27]. However, it is unclear why there is an 

opposite trend in the timing of influenza epidemic peaks in Western 

and Eastern Europe, as the above factors are unlikely to have affected 

Western and Eastern Europe in different ways. 

Our findings raise many questions and call for a number of 

follow-up investigations. Integrating climatic and meteorological time 

series with influenza surveillance data would help confirm the 

hypothesis that the changes in the timing of influenza epidemics are 

due to climate change or develop alternative explanations. The 

analysis performed here could be extended to earlier seasons to assess 

when the temporal trends started, to other areas of the world to 

determine whether similar changes in timing are taking place 
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elsewhere (e.g. North America), and to other aspects of influenza 

epidemiology to look for other changes (for instance the duration of 

epidemics). Findings from these additional investigations would help 

predict future scenarios for influenza epidemiology and would help 

health authorities take appropriate measures to mitigate the public 

health consequences of seasonal epidemics. Furthermore, this 

research approach could be expanded to include other viral 

respiratory infections such as respiratory syncytial virus [28,29] and 

other seasonal illnesses such as gastrointestinal infections [30] or 

even non-infectious diseases like asthma [31,32]. 

The results of this study are strengthened by the availability of 

influenza surveillance data for a large number of countries and for an 

extended period, by the use of straightforward statistical methods and 

the robustness of results across a range of sensitivity analyses. 

However, the results should be considered in the light of certain 

limitations. Although influenza surveillance capacity has improved 

globally since the 2009 pandemic [33], differences in influenza data 

collection and reporting remain between countries [34] and for some 

countries, low data quality may have been an issue. Also, the lack of 

data stratified by region for the Russian Federation prevented us from 

assessing whether the longitudinal gradient for the temporal shift of 

the epidemic peak extends to its Pacific coast or attenuates (or 

inverts) at some longitude. Furthermore, data were available for only 

one country in the Caucasus (Georgia) and central Asia (Kazakhstan), 

which limits our ability to extrapolate the results to these areas. 

Finally, data were available for only a few (five or six) influenza 

seasons for 11 countries of the WHO European Region, which may 

have caused instability in the analysis (i.e. coefficients in Model 1), 

although the presence of geographical gradients was confirmed in all 

sensitivity analyses. 

 

7.5.1. Conclusion 

We found that the timing of the peak of influenza epidemics 

has changed in countries of the WHO European Region between 1996 

and 2016. The main drivers behind this phenomenon remain to be 

clarified, but how the changes might affect influenza prevention and 

control efforts in Europe demands further attention. 
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In this thesis, we presented the results of a range of 

complementary investigations aimed at providing more insight into 

the main epidemiological characteristics of influenza B (in absolute 

terms, and in comparison with influenza A and its subtypes) and the 

spatio-temporal patterns of seasonal influenza A and B epidemics in 

different world regions. In this final chapter, we will summarize the 

results of the studies presented in the various chapters, and discuss 

the possible implications for the existing strategies for influenza 

prevention and control.  

 

8.1 Epidemiological characteristics of  

influenza B 

8.1.1 Summary of the main findings 

We found that influenza B was responsible for a median 22.6% 

of all influenza cases in a season globally during 2000-2013, with 

considerable season-by-season variability. Influenza B was the 

dominant circulating virus type (i.e. accounted for ≥50% of all cases 

in a season) in approximately one out of seven seasons, and was 

generally associated with lower ILI rates (chapter 2). The above 

figures varied geographically: the median proportion of influenza 

cases caused by the B virus type was 17.8% in temperate countries of 

the Southern hemisphere, 21.4% in temperate countries of the 

Northern hemisphere, and 24.3% in countries of the inter-tropical 

belt. Influenza B viruses belonging to the Victoria and Yamagata 

lineages often co-circulated during the same season, although the 

former was more frequently the dominant lineage during the last 

fifteen years; a lineage-level vaccine mismatch was observed in 

approximately one fourth of seasons. In chapter 3, we found that 

influenza B differed from influenza A and its main circulating 

subtypes (pre-pandemic and 2009 pandemic AH1N1, and AH3N2) in 

terms of the age groups that were preferentially affected. By pooling 

relative illness ratios (which compare the age distribution of influenza 

cases infected with each virus (sub)type to that of the general 
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population) across countries and seasons, we found that influenza B 

has the highest relative frequency among older children (aged 5-17 

years), and the lowest relative frequency among the adults (aged 18-

64 years).  

 

8.1.2 Discussion 

We have shown that influenza B differs from influenza A and 

its main subtypes with regard to essential epidemiological 

characteristics. Other authors have reported previously that the 

proportion of influenza illness cases caused by the type B virus is 

largest among older children and adolescents [1-3]. Based on this 

differential age susceptibility to influenza A and B viruses, it could be 

predicted that the latter will cause a relatively larger share of 

influenza cases in countries characterised by an expansive population 

pyramid, i.e. with larger percentages of the population in the younger 

age groups. Typically, these demographic attributes characterize low-

income countries, most of which are today situated at tropical and 

sub-tropical latitudes. Some evidence exists indeed that the 

proportion of influenza B out of all typed cases is higher in low-

income, tropical countries [4-6] than in temperate climate, high-

income countries in the Northern and Southern hemisphere [7-8]. 

Diversity in countries’ demographics may therefore partially account 

for these differences; however, other authors could not detect any 

correlation between the country latitude and the average proportion 

of influenza B cases [9], and the question of whether there is a 

definite and consistent geographical gradient in the burden of 

influenza B remains therefore open. In order to be able to give a more 

accurate answer, it would be necessary to conduct a global 

comparison of the age-adjusted incidence and mortality rates of 

influenza B, rather than of its overall proportion over all influenza 

cases. However, this has been prevented so far by the lack of suitable 

epidemiological and virological data, even from high-income 

countries [7]. 

Our results also shed light on the question whether influenza 

illness severity differs across influenza virus (sub)types. Our results 

suggest that the comparatively higher burden of disease associated 

with influenza A(H3N2) may be due to the greater susceptibility to 
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this virus subtype of the elderly (i.e. those aged 65 years or older), as 

these represent the largest population at risk for severe and 

complicated influenza, at least in industrialized countries [10]. It has 

been hypothesized that the higher influenza-attributable mortality in 

seasons dominated by the influenza A(H3N2) virus [11-12] could be 

due to a much greater severity of the influenza illness caused by this 

virus subtype compared to patients infected with influenza A(H1N1) 

or B  viruses. Some authors reported no or modest differences in 

illness severity across virus (sub)types after the patient’s age was 

accounted for in the analysis [3, 13-14]. However, most of the studies 

that aimed at comparing the clinical presentation (i.e. frequency of 

signs and symptoms) and severity (i.e. hospitalization, admission to 

intensive care unit, and case-fatality ratio) of influenza illness caused 

by the different virus (sub)types failed to adjust by patients’ age, 

despite this being the most important predictor of severe or 

complicated influenza.    

It is unclear why the different influenza virus (sub)types differ 

between one another in terms of the age groups that are preferentially 

affected, however a hypothesis can be formulated that is based on the 

distinct rate of variation by virus type. In the absence of vaccination 

programmes, genetically stable respiratory viruses, such as those 

responsible for children’s exanthematous diseases, mostly infect 

individuals in their childhood or youth, while only a small percentage 

of people is spared up to adulthood. However, an outstanding 

characteristic of influenza A viruses is their rapidly evolving nature 

via antigenic drift and shift. This leads to the constant introduction of 

new viral variants into the community, which keeps the incidence 

rates at relatively high levels even among older people. This appears 

to be especially relevant for the A(H3N2) subtype, given its 

particularly accelerated mutation accumulation rate in recent years 

compared to the A(H1N1) subtype [15-16]. Influenza B viruses also 

change gradually via antigenic drift and have evolved into two distinct 

lineages since the 1980’s. Typically, however, they do not undergo 

antigenic shift, which limit their variability and may explain why they 

are relatively less frequently responsible for infections in older ages 

compared to the A(H3N2) subtype.  

The proportion of influenza B cases that were characterized 

(Victoria or Yamagata lineage) was found to be low overall (17.1% in 



180 

the GIBS database), although this varied substantially across 

countries. We found that influenza viruses belonging to the Victoria 

lineage predominated in roughly two thirds of seasons in which 

influenza B was circulating. The scientific literature is not unanimous 

on this topic: generally, there appears to be a large variability in terms 

of which lineage is prevailing, both geographically and over time [6-8, 

17].  From a public health standpoint, however, it is critical to 

underline that influenza B viruses of the two lineages frequently co-

circulate in the same season, and that the proportion of lineage-level 

mismatch of the trivalent influenza vaccine (TIV) was substantial 

(approximately one fourth of seasons) over the past fifteen years 

globally. This is in good agreement with previous reports [18-20], and 

emphasizes how our ability to predict which lineage will prevail next 

season is still unsatisfactory. The quadrivalent influenza vaccine 

(QIV), first marketed in 2012 and containing one influenza B virus of 

both lineages, might be a valuable tool to cope with the limitations of 

the trivalent vaccine and might further reduce the burden of disease 

of influenza. Available evidence suggests that switching to the QIV 

might be recommendable from both the public health and economic 

viewpoint [21]. However, more research is needed as almost all of the 

cost-effectiveness studies so far were conducted in industrialized 

countries, while the benefits of the QIV over the TIV depend on a 

number of factors (like demographics, attack rates of influenza, 

vaccine efficacy and coverage, level of cross-protection, and vaccine 

price) some of which vary greatly across countries and seasons.    

 

8.2 Spatio-temporal patterns of seasonal 

influenza A and B epidemics in the tropics 

8.2.1 Summary of the main findings 

 In chapter 4 and 5, we showed that the temporal patterns of 

influenza epidemics in tropical countries show heterogeneity on 

multiple levels. On one side, no seasonality of influenza activity is 

observable in several countries in the intertropical belt (e.g. 
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Madagascar, Ivory Coast, and Viet Nam), where influenza viruses 

circulate year-round and the timing of influenza epidemics varies 

substantially from year to year and is, therefore, largely 

unpredictable. This is evidenced by the flat distribution of epidemic 

peaks in the different months of the year; the low amplitude of the 

primary peak; and the fact that epidemics driven by different virus 

strains are largely independent from one another in terms of timing. 

On a higher level, there is also a very large heterogeneity between 

countries. In fact, the above picture is valid for many, but not all 

tropical countries, as some of them show seasonal patterns that allow 

issuing recommendations on the optimal time to vaccinate [4, 22]. In 

particular, we have shown in chapter 5 that influenza epidemics occur 

with a clear seasonality in several countries in Latin America, 

including countries in Central America and Ecuador (which also show 

secondary epidemic peaks) and the southernmost regions of Brazil 

(Southeast and South).  

 

8.2.2 Discussion 

Influenza researchers have extensively investigated the 

environmental and social determinants of the transmission of 

influenza viruses to humans, in the attempt to identify the driving 

factors of influenza seasonality in temperate and tropical countries. It 

is known that weather parameters like absolute and relative humidity, 

air temperature, and ventilation may affect the survival of influenza 

viruses in the environment and their transmissibility to humans by 

modulating the size and deposition of respiratory droplets and the 

inactivation of influenza viruses contained in aerosols or on surfaces 

[23-25]. Consequently, researchers have tried to figure out what 

climatic conditions would be most effective in triggering the onset of 

influenza epidemics.  

In temperate countries, the onset of influenza epidemics in 

winter is largely determined by variations in absolute and relative 

humidity and average daily temperature [26-27], whose annual 

oscillation is mainly caused by the revolution of the earth around the 

sun. Once the influenza season has started, several anthropogenic 

factors may then modulate its rapidity of spread and overall duration, 
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including demographic factors and social contact patterns [28], 

population density and mobility [29-30], school winter holidays [31], 

the depletion of susceptible individuals over the course of the season 

[32], and several others.  

Annual variation of humidity and temperature may shape 

influenza seasonality in tropical countries as well. For instance, ILI 

incidence has a clear seasonal pattern in Viet Nam provinces with 

pronounced seasonality of absolute humidity, while no or weak 

regularity can be observed in provinces with weak seasonal 

fluctuations of absolute humidity [33]. Likewise, influenza activity 

was found to be negatively associated with both temperature and 

humidity in Kenya [34]. Moreover, the occurrence of influenza 

epidemics in the tropics may be linked to other climatic factors in 

addition to temperature and humidity, and in particular, influenza 

activity appears to be more likely to peak in months with intense 

rainfalls [35]. For instance, peaks of influenza activity in several cities 

in India are typically observed during the rainy monsoon season 

(whose exact timing varies across the country) [36], and ILI incidence 

was found to be associated with both humidity (negatively) and high 

rainfalls (positively) in French Guyana [37]. 

In general, the seasonality of various climatic and 

meteorological parameters may induce a parallel seasonality in the 

timing of influenza epidemics in tropical countries, although this is 

rarely as intense as in temperate countries. However, it is important 

to highlight that there is no single type of tropical climate; rather, 

countries of the intertropical belt differ between one another in terms 

of a number of weather parameters that are relevant to influenza 

epidemiology, like the annual and diurnal range of temperature, 

humidity, and rainfalls (Figure 8.1) [38-39]. This diversity may help 

explain the existence of seasonal patterns of influenza epidemics in 

some, but not all, tropical countries, and the commonly reported 

finding that significant differences in influenza seasonality may exist 

even between neighbouring countries (e.g. in countries in Latin 

America – see chapter 5 – and in tropical Asia [40]. In particular, 

many tropical countries experience no or very moderate seasonal 

trends in rainfalls, air temperature and humidity. Here, the 

environmental conditions appear to be equally favourable to the 

circulation of influenza viruses throughout the year, which translates, 
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from an epidemiological point of view, into a typical year-round 

influenza activity, with multiple, small-amplitude activity peaks, 

whose timing vary from year to year and is, therefore, largely 

unpredictable [41].  

 

Figure 8.1. Types of tropical climates: tropical rainforest or 

equatorial (dark blue), tropical monsoon (mild blue), tropical wet and 

dry or savannah (light blue). Available at: 

http://thebritishgeographer.weebly.com/the-climate-of-tropical-

regions.html [39]. 

 

 

 

 

8.3 Spatio-temporal patterns of seasonal 

influenza A and B epidemics in the WHO 

European region 

8.3.1 Summary of the main findings 

Seasonal influenza epidemics in the WHO European region 

occur during winter months, with the peak of influenza activity taking 

place in February-March in most countries. Influenza A and B viruses 

circulate in the same period, although B epidemics tend to peak 

slightly after A epidemics. Typically, seasonal influenza epidemics 

spread along a west-to-east gradient (and, less frequently, a south-to-

north gradient) across the continent, which justifies a partition of the 

http://thebritishgeographer.weebly.com/the-climate-of-tropical-regions.html
http://thebritishgeographer.weebly.com/the-climate-of-tropical-regions.html
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WHO European region into two large influenza transmission zones: 

“Western” and “Eastern” (chapter 6). The above is an accurate 

description of today’s influenza epidemiology in the WHO European 

region; importantly, however, we found that the picture is actually 

evolving over time. In fact, we showed in chapter 7 that the timing of 

seasonal influenza epidemics has been changing over the last two 

decades, as influenza activity has tended to peak progressively later in 

Western European countries and progressively earlier in Eastern 

European countries. Consequently, the distance in time between the 

peak of influenza activity between the Western and the Eastern 

extremities of the WHO European region has progressively reduced 

during the same period.  

 

8.3.2 Discussion 

The existence of spatial trends in the peak timing of influenza 

epidemics in extended and densely populated world regions has been 

described previously for countries outside Europe, for instance in the 

United States (also along east-to-west and south-to-north directions) 

[42-43] and in a vast tropical country like Brazil (where the epidemic 

wave usually travels southward) [44]. In general, it is not surprising 

that epidemics spread to areas that have not been touched yet, that is, 

towards populations with a larger proportion of susceptible 

individuals. Much more challenging is to understand why influenza 

epidemics tend to arise with some regularity in well-defined areas 

rather than randomly over the whole territory of a continent (or large 

country), and to figure out what factors contribute to determine the 

exact timing of their start and modulate their duration in any given 

season.   

As far as we know, ours is the first description of a long-term 

trend (i.e. spanning over decades) in the timing of influenza 

epidemics in the entire WHO European region. In one of the very few 

papers published so far that have focused on the same topic, an 

association emerged between the number of foreign travellers visiting 

Iceland and the increased synchrony of influenza epidemics with 

United States and Europe from the early 1990’s [45]. Movements of 

people to and from their workplaces [46-47] as well as non-routine 
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and leisure travel [48] may affect the rapidity of spread of influenza 

epidemics locally and over long distances. Hence, changes in human 

mobility (due to increase of local commuting, international transports 

and trades, and tourism) might have contributed to modify the main 

epidemiological features of influenza epidemics in Europe, including 

their timing, patterns of spatial spread, and intensity. In addition, 

climate changes and global warming may also be suspected to be 

partly responsible for the observed long-term trends of influenza 

epidemiology in Europe. As already mentioned, influenza epidemics 

in temperate climates mostly occur when temperature and humidity 

are at minimal levels [35]. In addition to affecting virus survival and 

infectivity, such meteorological conditions may impair the efficiency 

of the mucociliary clearance, weaken the immune response because of 

vitamin D deficiency, and favour  social and behavioural changes (like 

indoor crowding) that increase the frequency of contacts effective for 

human-to-human transmission of influenza viruses [49-51]. Overall, 

it is plausible to hypothesize that climate changes in recent decades 

may have had an impact on the epidemiology of influenza (as well as 

other respiratory infectious diseases). The period covered by our 

investigation span over only two decades (1995-2015): we are unable 

to make any hypothesis on when this trend has started, nor can we 

predict whether this will continue in the next future. However, 

influenza-like illness time-series extend back to the 1960s in a few 

European countries [52], and reliable historic weather records may be 

available for up to the early 1900s (at least for main variables like 

temperature and rainfalls). Hence, for at least a few countries in 

Europe it could be possible to test the hypothesis that trends in the 

occurrence of viral respiratory infections (in terms of timing and 

intensity) were caused by similar climatic changes. 

Regardless of the understanding of its causes, it is critical to 

figure out how the evolving epidemiology of influenza epidemics (and, 

in particularly, their change in their timing) may affect the 

organization of influenza surveillance and the implementation of 

annual vaccination campaigns in each country in Europe. After the 

2009 pandemic, the WHO defined the influenza transmission zones 

(ITZs) as areas encompassing “geographically related countries or 

territories that have similar influenza transmission patterns” [53] 

(and that would benefit, therefore, of a harmonization of surveillance 
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activities and influenza vaccination schedules), and proposed a 

partition of the WHO European zone into five ITZs. We have shown 

in chapter 6 that the mix of circulating influenza viruses does not 

change substantially across Europe (despite the annual variability), 

and that a partition of the WHO European region into two ITZs 

(“Western” and “Eastern”) based on differences in the timing of 

epidemics may be satisfactory. However, this picture might no longer 

be true in the course of a few years. If opposite trends in the timing of 

the peak would continue in the coming years, the gap in the timing of 

the peak influenza activity between the western and eastern halves of 

Europe would tend to shrink, and the two transmission zones in the 

WHO European region would become even more homogeneous than 

at present. Importantly, however, this hypothesis does not take into 

account potential simultaneous changes in the epidemiology of 

influenza in other world regions, either bordering the WHO European 

region (like North Africa, Middle East and Asia) or traditionally 

linked to Europe for cultural and commercial reasons (like North 

America). Hence, epidemiologists and health policy-makers need to 

reinforce constantly their awareness that the epidemiology of 

influenza is subject to continuous evolution under the pressure of 

multiple natural and anthropogenic factors, and that a continuous 

monitoring of all components of seasonal epidemics is essential so 

that our efforts to contain the disease burden of influenza are not 

frustrated.  

 

8.4 Methodological considerations 

In this thesis, we have resorted to a vast repertoire of 

methodological approaches and statistical methods, some of which 

were innovative or were used in an innovative way. Partly, this was 

made necessary by our plan to use influenza surveillance data for 

research purposes, while this type of data is usually not collected for 

this specific purpose. Indeed, influenza surveillance data possess 

some intrinsic features that need to be fully understood, and that 

require the use of appropriate analytical tools.  
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A most important point to be taken into account when 

analysing surveillance data is that the proportion of actual influenza 

cases that is captured by the national surveillance system is not 

constant; rather it, can vary considerably between countries seasons 

and population subgroups. First, neighbouring countries with 

comparable populations can report very different numbers of 

laboratory-confirmed influenza cases in the same season (chapters 5 

and 6), which is unlikely to be due to differences in demographics or 

intensity of epidemics between countries. Rather, this finding can be 

explained by differences in the structure and representativeness of the 

national surveillance systems (e.g. community- or hospital-based, 

covering the whole country or limited to a few sites, etc.). Moreover, 

surveillance data may give an inaccurate picture of influenza 

epidemiology in large countries when most samples come from only a 

few sites (typically, the largest cities), which is still a common 

occurrence in some low-income tropical countries [54-55]. Second, 

reported influenza cases during the 2009 pandemic greatly 

outnumbered those reported in the previous and next influenza 

seasons in both the GIBS and the FluNet database. This does not 

appear to be justified by actual differences in influenza incidence 

rates between seasons [20], so it is likely the consequence of a much 

higher proportions of ILI/ARI patients being sampled during the 

2009 pandemic than ever before or after. Third, individuals who are 

more vulnerable to influenza illness (i.e. more at risk of developing 

complications and have a poor outcome when infected) are also more 

likely to be sampled, especially when the surveillance system is 

mainly hospital-based. In contrast, adolescents and young adults less 

frequently develop symptoms requiring hospitalization or a visit to 

their general practitioner; therefore, their chance of being sampled 

(i.e. to be “seen” by the surveillance system) is probably much lower.  

These features of influenza surveillance data required the use 

of analytical methods that were adequate to the research objective 

and capable of taking into account the multiple sources of variability 

listed above. In chapter 2, 4, 5 and 6, one important aim was to 

evaluate the proportion of influenza cases that were caused by the 

type B virus. As the 2009 pandemic strain was likely to be very much 

overrepresented in the data, it was not possible to pool data from 

different countries and seasons and calculate an overall proportion, 
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as this would have been severely biased towards low values. To 

overcome this limitation, we adopted a statistical approach whereby 

the unit of analysis was the country-season (i.e. July 1st to June 30th in 

Northern hemisphere countries, or January 1st to December 31st in 

tropical and Southern hemisphere countries), and calculated the 

median proportion of influenza cases due to the type B virus. 

Likewise, for the study of age distribution of influenza cases by virus 

type and subtype (chapter 3), we opted to resort to meta-analytical 

techniques in order to deal with all of the heterogeneity in the data, 

and explained that the interpretation of the data should be limited to 

the “different viruses, same age group” approach because of the 

differential sampling intensity by age group.    

In chapters 5 and 6, we used the software EPIPOI to 

investigate the temporal characteristics of seasonal influenza 

epidemics [56]. EPIPOI decomposes time-series into annual, semi-

annual and quarterly sinusoids by means of Fourier decomposition, 

and extracts “typical” values of the timing and amplitude of primary 

and secondary peaks. In tropical countries, this approach is especially 

advantageous in that it allows to assess whether influenza epidemics 

show any seasonality, how strong this is (i.e. what percentage of 

annual influenza cases occur during the main epidemic waves), and 

whether this varies geographically (for instance, whether there is a 

given latitude beyond which seasonality disappears). The 

identification of a typical timing of influenza epidemics has 

considerable importance from a public health standpoint as it allows 

making inferences on the optimal time for the implementation of 

national immunization campaigns, and helps understand whether 

different areas within large countries may benefit of different 

vaccination schedules (e.g. southern- and northernmost regions of 

Brazil, see chapter 5).  

The extraction of “typical” parameters of seasonal influenza 

epidemics is important fro public health purposes, however it 

implicitly assumes that the data are stationary, i.e. that the timing of 

the primary epidemic peak in each season oscillates around an 

“average” value that is assumed to be stable over time [56]. We 

challenged this assumption in chapter 6, where time trends in the 

timing of the epidemic peak in each season were analysed against 

time for countries in the WHO European region. This approach led to 
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the identification of a long-term temporal trend in the timing of the 

peak, which had never been reported previously for such an extended 

world area.  

The choice of a cluster analysis approach for the identification 

of influenza transmission zones in the WHO European region was 

mainly driven by their definition. In fact, a clustering algorithms 

typically produces a partition of countries into groups that are 

internally (i.e. within group) homogeneous, and externally (i.e. 

between groups) heterogeneous, in terms of influenza transmission 

patterns. In addition, each single clustering algorithm identifies 

subgroups of countries that are mutually exclusive and collectively 

exhaustive, which is consistent with the definition of ITZ given by the 

WHO. However, clustering is a largely exploratory technique whose 

output depends on the specific algorithm and the set of parameters 

inputted in the model. As there was no clear guidance or a priori 

reason to choose any specific algorithm, we opted to fit several 

different models and present averaged results. Although the results 

that were obtained were sensible and reasonably in line with what was 

known earlier (i.e. differences in timing between Eastern and Western 

Europe, with no differences in terms of circulating viruses), this 

innovative approach needs to be implemented in other world regions 

in order to better clarify its advantages and limitations.  

 

8.5 Implications for the strategies of influenza 

prevention and control 

8.5.1 Implications for influenza vaccination campaigns 

Our findings on the main epidemiological characteristics of 

influenza B have important implications for the implementation of 

influenza vaccination campaigns worldwide. In particular, the 

implications concern both the type of influenza vaccine to be used, 

and the optimal timing for its administration. 

We observed a lineage-level mismatch between the influenza B 

virus contained in the vaccine and the dominating B virus in 
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approximately 25% of seasons globally. A recent review found that 

switching from the trivalent (TIV) to the quadrivalent (QIV) influenza 

vaccine would be a valuable intervention from both the public health 

and economic viewpoint [21]. The authors pointed out that several 

factors affect the cost-benefits balance of adopting the QIV, including 

epidemiological parameters like the distribution of incidence between 

influenza A and influenza B, the level of match of TIV with the 

circulating B lineage, and the risk of influenza-associated death by 

virus type. Some of these parameters may vary across countries and, 

in particular, may differ substantially between temperate- and 

tropical-climate countries, which implies that findings from studies 

conducted in the former cannot be extrapolated easily to the latter. 

For instance, we have shown in chapter 2 that the proportion of 

influenza cases caused by the B virus type is higher in countries in the 

intertropical belt (median 24.3%) than in the Northern (median 

21.4%) and Southern (median 17.8%) hemispheres. However, based 

on our findings in chapter 2 and 3, this excess in influenza B cases in 

low-income countries occur mainly among adolescents and young 

adults, who develop complications (including influenza-associated 

hospitalization and death) quite rarely and are unlikely to be 

vaccinated where resources are limited. Critically, the authors of the 

review emphasised that most evidence to date originates from studies 

carried out in high-income countries, while much fewer studies were 

conducted in low-income countries. Recently, some evidence has 

emerged that QIV may be a cost-effective tool in tropical countries of 

Latin America [57], although the quantitative estimates were not 

precise due to lack of local data. Overall, however, the evidence in 

favour of, or against, the adoption of QIV in low-income countries is 

still insufficient, and cost-effectiveness studies conducted in these 

countries are warranted. 

Other factors that need to take into consideration in cost-

effectiveness studies are the level of cross-protection of TIV against 

the mismatched B lineage, and the difference in price per dose of QIV 

compared to QIV [21]. In particular, the relatively higher price of QIV 

can be a barrier against its adoption in low-income countries. 

Recently, other authors have proposed an optimized strategy for the 

composition of the TIV, whereby the influenza B lineage to be 

included each year is determined by the number of years since 
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vaccination with either lineage, whether there has been antigenic drift 

in either lineage in recent years, and by the serological assessment of 

residual protections in the population (if available) [58]. The authors 

showed that this strategy would be more effective than the current 

practice for the composition of the TIV, and might be an economically 

affordable option for low-income countries.   

Our findings have also implications for the determination of 

the optimal timing to administer the vaccine. We revealed that the 

timing of seasonal influenza epidemics has been changing in 

countries of the WHO European region. The annual change in the 

timing of the epidemic peak is nearly irrelevant in practical terms 

(slightly more than 2 days per year for countries situated at more 

extreme longitudes); however, the time displacement accumulated in 

the course of 20 years (≈3 weeks, assuming that the trend remains 

constant over time) is large enough to require a check that the timing 

of annual vaccination campaigns is still optimal in relation to the time 

to develop immunity. Public health implications of our findings are 

even larger for tropical countries in Latin America, Africa and Asia. 

The considerable variability of seasonal patterns of influenza 

epidemics in those world areas (even between neighbouring 

countries, see chapters 4 and 5) requires that recommendations on 

the optimal time to vaccinate must be issued separately for each 

country based on local epidemiological data. In particular, attention 

must be paid to large tropical and subtropical countries, whose 

provinces may frequently differ in terms of influenza seasonality (e.g. 

in India [36, 59], China [60], Mexico [61]; see also our findings for 

Brazil in chapter 5) and require therefore distinct recommendations.  

 

8.5.2 Implications for influenza surveillance systems 

In this thesis, we took advantage of existing influenza 

surveillance data and aimed to produce scientific evidence that would 

help optimize the strategies for influenza prevention and control 

globally. In doing so, we came across a number of important gaps in 

data availability and quality, which can be interpreted as 

shortcomings of the surveillance systems that generated those data. 
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Filling those gaps can lead to a further enhancement of the possibility 

to use surveillance data for research purposes.  

The global capacity for sentinel and laboratory surveillance of 

influenza has improved greatly in recent years, and the WHO’s Global 

Influenza Surveillance and Response System (GISRS) currently 

includes over 152 institutions in 113 countries worldwide [62-63]. In 

particular, the global network of influenza surveillance has extended 

to areas that were virtually lacking it until recently [54-55]. However, 

the number of respiratory specimens collected, and of laboratory-

confirmed influenza cases reported each year, is still very low (in 

comparison with the total population) in several countries, suggesting 

that the surveillance system is probably not covering yet the whole 

country territory (rather, it is limited to a small number of sentinel 

sites and hospitals in the country). This was observed for several low-

income countries in the tropics (chapters 2 and 4) and for some areas 

within the WHO European region as well, like the Balkan peninsula 

and Central Asia (chapter 6 and 7). As mentioned in the previous 

paragraph, this is a particularly severe limitation for large countries 

extending over several climatic zones. Global representativeness of 

influenza surveillance is key to a clear understanding of influenza 

epidemiology and an effective influenza preparedness and response; 

therefore, the further expansion and strengthening of the GISRS 

network is an important public health priority for next years. 

According to the WHO recommendations, human influenza 

surveillance should comprise two components: influenza-like illness 

(ILI) surveillance, and severe acute respiratory infections (SARI) 

surveillance. An important limitation in data availability that we faced 

in our research project was the lack of information on ILI incidence 

rates, both in the FluNet database and for several countries 

participating to the GIBS (chapter 2). In addition, it is worth noting 

how the influenza surveillance system appears to be severely 

unbalanced towards SARI surveillance for some countries in the GIBS 

database, with the large majority (up to ≥ 90%) of respiratory 

specimens being collected in hospital-based settings (chapter 3). 

Critically, information on ILI incidence rates is of primary importance 

in studies that aim at estimating the burden of disease of influenza 

and at quantifying the health and economic impact of alternative 

interventions strategies. It is therefore recommended that this 
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information is collected systematically and made freely available to 

researchers, as is currently the case for virological surveillance data 

through the FluNet database. In addition, it would be desirable to 

include information on the surveillance system and on the sampling 

strategy that is adopted (e.g. whether or not all ILI/ARI patients have 

the same chance of being sampled regardless of their age, vaccination 

status, clinical severity, and presence of underlying conditions), as 

this information would be important for the correct interpretation of 

the data. 

Finally, we recommend that the laboratories’ capacity to 

determine the lineage of influenza B-positive samples be enhanced 

globally. In fact, the proportion of influenza B positive specimens that 

were characterized was low (17% in the GIBS database, chapter 2; and 

12% in the FluNet database for countries in the WHO European 

region, chapter 6) and, in particular, much lower than the proportion 

of influenza A cases being subtyped (65% and 72% in the GIBS and 

the FluNet database, respectively). This limited the generalizability of 

the findings regarding the circulation of the two lineages and the 

frequency of lineage-level mismatch for the trivalent influenza vaccine 

(chapter 2), and impeded to extend the study of the age distribution 

to the comparison of Victoria vs. Yamagata influenza patients 

(chapter 3).    

 

8.6 Future directions for research  

Typically, research starts with questions and ends with 

questions, and this thesis was no exception. In addition to produce 

findings immediately translatable into public health 

recommendations, the investigations we conducted on the global 

epidemiology of influenza also highlighted some important 

knowledge gaps, and generated additional hypotheses that deserve to 

be addressed through dedicated studies.  

An important goal to be pursued in the coming years is a 

better quantification of the burden of disease of influenza B, overall 

and in comparison to influenza A and its main subtypes. We now have 

a detailed knowledge of the proportion of influenza cases that are 
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caused by influenza B, and how this varies geographically and over 

time (see chapters 2, 5 and 6, and reports by other authors [9]). With 

the exception of paediatric populations, however, we still have very 

limited information on influenza B-associated GP visits, work and 

school absenteeism, use of antibiotics and antivirals, and 

hospitalization and mortality rates, which all contribute to determine 

the burden of disease and societal costs of influenza B [7, 64]. Studies 

aimed at estimating those health and economic indexes, and 

combining them into more precise of influenza B disease burden are 

warranted, in order to feed more accurate cost-effectiveness studies 

and increase the value-for-money of public health interventions.  

We described how influenza A and B differ in terms of 

important epidemiological characteristics, but we were relatively 

unable to conduct similar investigations to compare Victoria and 

Yamagata lineages. As mentioned above, this was mainly due to the 

very low proportion of influenza B cases being characterized in the 

database we used. Some authors have reported differences in age 

susceptibility, geographic distribution and seasonality patterns 

between the two lineages in single countries [65-68], however a global 

study is still lacking.  

Our finding of a long-term temporal trend in the timing of the 

influenza epidemic peak in the WHO European region is novel, and 

claims for a number of follow-up investigations, which we have 

already briefly examined in the Discussion of chapter 7. We suggest 

that two major research lines deserve to be pursued. On one hand, it 

is important to keep monitoring the observed trend, explore whether 

(and how) other world areas are affected (e.g. subtropical and tropical 

areas of America, Africa and Asia), and assess whether other public 

health-relevant features of influenza epidemics (e.g. their timing of 

onset and duration) have also been changing in recent decades. On 

the other hand, we believe it indispensable to scrutinize what might 

be the underlying causes of the observed phenomena: in addition to 

help make predictions and contribute to improve the prevention of 

influenza, these investigations might greatly advance our knowledge 

of the biological interactions between the influenza viruses, the 

environment, and human populations.   

Finally, we would like to propose that the model of scientific 

collaboration that has led to the establishment of the Global Influenza 
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B Study be replicated in future years to address new research topics. 

In fact, with the exception of influenza and the respiratory syncytial 

virus, we still have very limited knowledge of the global epidemiology 

and burden of disease of most other viral agents of respiratory 

infections, like parainfluenza viruses, coronaviruses, and human 

metapneumovirus [69-70]. This scarcity of data represents a decisive 

impediment to the development and implementation of public health 

interventions aimed at reducing further the mortality from acute 

respiratory infections, which is especially high among children and in 

developing countries [69-70].   

 

8.7 Conclusions   

 In summary, we found that influenza B accounts for a 

substantial proportion of influenza cases globally, and that influenza 

A and B differ in terms of important epidemiological characteristics. 

We also found that several countries in the tropics show clear 

seasonality in the timing of influenza epidemics, which permits to 

issue recommendations for the organization of vaccination 

campaigns, and that that the timing of influenza epidemics has been 

changing in the WHO European region over the last twenty years. 

While more research is needed, our findings have immediate, 

important implications for influenza surveillance and prevention 

policies globally. 
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The primary objectives of influenza surveillance are to issue 

early warnings that enable health systems, governments and 

supranational organizations to respond to epidemics in the most 

timely and appropriate manner; and to perform a continuous 

monitoring of circulating viruses, in order to promptly detect novel 

strains and update the vaccine composition accordingly. The global 

capacity for influenza surveillance has been strengthened and 

extended to an increasing number of countries in recent years, in 

particular following the 2009 pandemic. This greatly enhanced 

surveillance activity has produced a growing mass of epidemiological 

and virological data, unprecedented in terms of quantity, quality and 

geographic coverage.  

In this thesis, we took advantage of the growing availability of 

influenza surveillance data and explored different aspects of global 

epidemiology of influenza. The overall aim of this thesis was to 

produce knowledge that may help optimize the strategies of 

prevention and control of influenza (in particular, vaccination 

campaigns) where they are already in place, and support their 

implementation in countries where they are still lacking or 

inadequate. The main research questions were the study of the 

epidemiological characteristics of influenza A and B; the description 

of spatiotemporal patterns of seasonal influenza A and B epidemics in 

different world regions; and the study of the link between the results 

of the above investigations and the strategies for influenza prevention 

and control. 

We used two data sources to answer the research questions 

addressed in this thesis: the WHO FluNet database and Global 

Influenza B Study (GIBS). The WHO FluNet database contains 

virological surveillance data from the majority of world countries, 

entered by National Influenza Centres and other influenza reference 

laboratories that participate in the Global Influenza Surveillance and 

Response System (GISRS). The GISRS network was established in 

1952 and is the oldest existing global surveillance network; the FluNet 

tool has been in operation for the last 20 years. The GIBS database 

encompasses influenza surveillance data from thirty countries 

(accounting for over one third of world’s population) for the period 

2000-2015, and includes influenza-like illness incidence rates, the 

weekly number of processed respiratory specimens, and the weekly 
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number of influenza-positive specimens by patient’s age and by virus 

type, subtype, and lineage. In addition, information is available on 

characteristics of the influenza surveillance system from which the 

provided data originated.  

Up until a few years ago, most research on influenza targeted 

type A viruses, while type B influenza was comparatively neglected. 

Therefore, a main goal of this thesis was to better characterize the 

epidemiology of influenza B, in particular by comparing its metrics 

with those of influenza A and its subtypes. In chapter 2, we showed 

that influenza B was responsible for a median 22.6% of all influenza 

cases in a season globally (higher in countries of the inter-tropical 

belt, and lower in temperate climate countries of the Northern and 

Southern hemispheres), and was the dominant circulating virus type 

in approximately one out of seven seasons. The percentage of 

influenza B cases that were characterized (Victoria or Yamagata 

lineage) was found to be low (<20%) overall, although this varied 

substantially across countries. Influenza B viruses belonging to the 

Victoria and Yamagata lineages often co-circulated during the same 

season, and a lineage-level vaccine mismatch was observed in 

approximately one fourth of seasons (chapter 2). In chapter 3, we 

showed that influenza B differed from influenza A and its main 

circulating subtypes in terms of the age groups that were 

preferentially affected, as it had the highest relative frequency among 

older children (5-17 years), and the lowest relative frequency among 

the adults.  

Another focus of the thesis is the analysis of seasonality, which 

is especially important for the timing of prevention and control 

measures. The recent rise in the availability of influenza surveillance 

data allows studying the spatiotemporal patterns of influenza 

epidemics in nearly all world areas, which has important implications 

for the determination of the optimal timing to vaccinate in different 

regions. In this thesis, we aimed to study the spatiotemporal patterns 

of influenza epidemics globally and discuss implications for influenza 

vaccination campaigns, and focused in particular on tropical 

countries and Europe. 

We found that no seasonality of influenza activity is 

observable in several countries in the tropics (chapter 4 and 5): 

influenza viruses circulate year-round and the timing of influenza 
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epidemics varies substantially from year to year and is, therefore, 

largely unpredictable. However, some other tropical countries show 

seasonal patterns that allow issuing recommendations on the optimal 

time to vaccinate. Influenza researchers have demonstrated since long 

that weather parameters like humidity, temperature, and rainfalls 

may affect the survival of influenza viruses in the environment and 

their transmissibility to humans and contribute to determine the 

timing of influenza epidemics. Importantly, however, there is no 

single type of tropical climate; rather, tropical countries differ largely 

between one another in terms of weather parameters that are relevant 

to influenza epidemiology. This diversity may help explain the 

existence of seasonal patterns of influenza epidemics in some, but not 

all, tropical countries, and the commonly reported finding that 

significant differences in influenza seasonality may exist even 

between neighbouring countries. The considerable variability of 

seasonal patterns of influenza epidemics in the tropics requires that 

recommendations on the optimal time to vaccinate must be issued 

separately for each country based on local epidemiological data. In 

particular, attention must be paid to large tropical and subtropical 

countries, whose provinces may frequently differ in terms of influenza 

seasonality and require therefore distinct recommendations. 

Influenza epidemiology in Europe has been the subject of 

extensive research, yet the availability of high-quality surveillance 

data from a growing number of countries makes it possible to 

conduct, much more than in the past, in-depth investigations of how 

influenza viruses spread across Europe. Also, influenza time-series 

are today available for up to twenty consecutive years for several 

European countries, which allowed assessing whether changes have 

occurred over time in the main characteristics of influenza epidemics 

in Europe. In this thesis, we aimed to describe the temporal patterns 

of spread and geographic diversity (chapter 6), and changes over time 

of influenza epidemics (chapter 7) in Europe. We found that the 

typical timing of the peak of influenza activity is in February-March in 

most countries, and that influenza A and B viruses circulate in the 

same period, although B epidemics tend to peak slightly after A 

epidemics. Typically, seasonal influenza epidemics spread along a 

west-to-east gradient (and, less frequently, a south-to-north gradient) 

across the continent, which justifies a partition of Europe into two 
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large influenza transmission zones: “Western” and “Eastern”. The 

above is an accurate description of today’s influenza epidemiology in 

Europe; importantly, however, we found that the picture is evolving 

over time. In fact, we found that the timing of seasonal influenza 

epidemics has been changing over the last two decades, with influenza 

activity tending to peak progressively later in Western European 

countries and progressively earlier in Eastern European countries. 

Consequently, the distance in time between the peak of influenza 

activity between the Western and the Eastern extremities of Europe 

has progressively shortened during the same period. Climate changes 

and increased human mobility may contribute to explaining the 

existence of spatial trends in the peak timing of influenza epidemics 

in Europe and changes in the timing of epidemics in recent decades. 

Regardless of the understanding of its causes, however, it is critical to 

figure out how the evolving epidemiology of influenza epidemics may 

affect the organization of influenza surveillance and the 

implementation of annual vaccination campaigns in each country in 

Europe. The annual change in the timing of the epidemic peak is 

nearly irrelevant in practical terms; however, the time displacement 

accumulated in the course of 20 years (≈3 weeks) is large enough to 

require a check that the timing of annual vaccination campaigns is 

still optimal in relation to the time to develop immunity. In general 

terms, epidemiologists and health policy-makers need to reinforce 

constantly their awareness that the epidemiology of influenza is 

subject to continuous evolution under the pressure of multiple natural 

and anthropogenic factors, and that a continuous monitoring of all 

components of seasonal epidemics is essential so that our efforts to 

contain the disease burden of influenza are not frustrated.   

The global capacity for sentinel and laboratory surveillance of 

influenza has improved greatly in recent years, yet in the course of our 

investigations we found that a number of important gaps in data 

availability and quality still persist. The number of respiratory 

specimens collected, and of laboratory-confirmed influenza cases 

reported each year, is still very low (in comparison with the total 

population) in several countries, including low-income countries in 

the tropics and some areas within the WHO European region, like the 

Balkan peninsula and Central Asia. Global representativeness of 

influenza surveillance is key to a clear understanding of influenza 
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epidemiology and an effective influenza preparedness and response; 

therefore, the further expansion and strengthening of the influenza 

surveillance global network is an important public health priority for 

next years. An additional important limitation in data availability that 

we faced in our research project was the lack of information on 

influenza-like illness incidence rates in most countries we included in 

our studies. This information should be collected systematically and 

made freely available to researchers, as it is of primary importance for 

the estimation of the burden of disease of influenza and for the 

quantification of the health and economic impact of alternative 

interventions strategies.  

The investigations we conducted on the global epidemiology of 

influenza generated additional hypotheses that would deserve to be 

addressed through dedicated studies. An important goal to be 

pursued in the coming years is a better quantification of the burden of 

disease of influenza B, overall and in comparison to influenza A and 

its main subtypes. A global study comparing the differences between 

the influenza B Victoria and Yamagata lineages in terms of age 

susceptibility, geographic distribution and seasonality patterns is still 

lacking. Our finding of a long-term temporal trend in the timing of 

the influenza epidemic peak in Europe is novel, and we believe it 

important to scrutinize what might be its underlying causes, in order 

to advance our knowledge of the biological interactions between 

influenza viruses, the environment, and human populations. 

Moreover, the model of scientific collaboration that has led to the 

establishment of the Global Influenza B Study could be replicated in 

future years to address new research topics. In fact, with the 

exception of influenza and the respiratory syncytial virus, we still have 

very limited knowledge of the global epidemiology and burden of 

disease of most other viral agents of respiratory infections and it 

would be important to establish a new global network (similar to 

GIBS) which looks at all respiratory viruses, including RSV. The 

current scarcity of data represents a decisive impediment to the 

development and implementation of public health interventions 

aimed at reducing further the mortality from acute respiratory 

infections.   

In conclusion, we found that influenza B causes a substantial 

proportion of influenza cases globally each year, and that influenza A 
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and B differ in terms of important epidemiological characteristics. 

With regard to the timing of influenza epidemics, we found that 

several countries in the tropics show clear seasonality that permits to 

issue recommendations for the implementation of vaccination 

campaigns, and that the timing of influenza epidemics in Europe has 

been changing over the last twenty years. Our findings have 

considerable implications for influenza surveillance and prevention 

policies globally. 
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Supplementary Table 2.1. Questionnaire on national influenza 

surveillance systems used for the Global Influenza B Study. 
 

Virological data: 

1. Specimens (more than one response is possible): 

□ Outpatients*  □ Hospitalised patients (general)    □ Hospitalised patients 

(SARI)   

□ Other, please define: 

___________________________________________________________________  

 

Rough distribution (%) of total specimens for a typical flu season: 

 

*For example, from the sentinel Outpatient (or General Practitioner) surveillance 

system 

 

2. Method used to identify influenza viruses: 

□ PCR  □ Serology □ Culture □ Other, please specify:  

_______________________ 

 

 

Outpatients* 

(%) 

Hospitalised patients- 

general (%) 

Hospitalised patients – SARI 

(%) 

Other (%) 
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3. Population denominator 

□ Total specimens tested   □ Total population      

□ Other, please specify: _______________________________   □ Unknown 

 

4. Representativeness of data:  

□ National □ Regional, please define: 

__________________________________________________ 

□ Other, please define: 

__________________________________________________________ 

 

5. Characterization data: method 

□ Hemagglutination inhibition    □ Sequencing      □ Isolates 

sent to Who CC for reference     

□ None 

       

6. Characterization data: is a subset of your isolates sent to WHO CC for 

reference?  

□ No      □ Yes, please specify: 

__________________________________________________________ 
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Epidemiological data: 

7. Case definition (more than one response is possible): 

□ ILI case definition: 

__________________________________________________________ 

□ ARI case definition: 

__________________________________________________________ 

 

8. Population denominator 

□ Total population served by reporting sites  □  Total number of encounters 

(consultations)  

□ Other, please specify: ______________________     □ Unknown                            

                     

9. Representativeness of data: 

□ National □ Regional □ Other, please define: 

________________________________________  

 



224 

Supplementary Table 2.2. Proportion of influenza B cases due to 

Victoria or Yamagata lineage virus, and mismatch with recommended 

World Health Organization (WHO) influenza vaccine. Seasons were 

only considered during which at least 20% of influenza cases were due 

to virus type B with at least 10% of these being characterized. The 

Global Influenza B Study. 
 

Country Season % B 
% 

characterized 
% 

Victoriaa 
% 

Yamagataa 
Vaccine B 
mismatchb 

New Zealand 2000 23.4 100.0 0.0 100.0 no 

New Zealand 2001 34.5 96.4 0.0 100.0 no 

New Zealand 2002 21.3 58.4 98.8 1.2 yes 

New Zealand 2005 86.9 91.8 81.6 18.4 yes 

New Zealand 2007 21.9 89.5 1.3 98.7 yes 

New Zealand 2008 59.8 73.3 76.7 23.3 yes 

New Zealand 2011 46.7 47.3 98.5 1.5 no 

Chile 2012 30.4 94.2 32.5 67.5 yes 

Argentina (Santa 
Fe) 

2010 29.4 100.0 100.0 0.0 no 

Argentina (Santa 
Fe) 

2012 43.7 100.0 96.5 3.5 no 

South Africa 2010 61.0 43.2 90.7 9.3 no 

South Africa 2011 38.4 48.0 44.2 55.8 yes 

South Africa 2012 54.4 75.6 83.9 16.1 no 

Madagascar 2005 40.8 79.0 38.7 61.3 no 

Madagascar 2007 52.9 100.0 91.0 9.0 no 

Madagascar 2011 50.6 79.1 100.0 0.0 no 

Madagascar 2012 50.6 47.8 52.3 47.7 no 

Madagascar 2013 58.2 67.0 0.0 100.0 no 

Indonesia 2003 23.4 34.6 100.0 0.0 no 

Indonesia 2004 30.8 67.9 57.1 42.9 no 

Indonesia 2005 51.5 60.4 93.0 7.0 yes 

Indonesia 2006 29.8 51.2 57.4 42.6 no 

Indonesia 2007 34.6 38.7 34.9 65.1 yes 

Singapore 2010 22.0 53.1 95.5 4.5 no 

Singapore 2011 23.8 54.5 76.3 23.7 no 

Singapore 2012 47.9 68.7 57.4 42.6 no 
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Country Season % B 
% 

characterized 
% 

Victoriaa 
% 

Yamagataa 
Vaccine B 
mismatchb 

Kenya 2008 26.6 25.0 5.6 94.4 no 

Kenya 2011 42.8 12.9 100.0 0.0 no 

China (south) 2006 36.1 29.0 79.3 20.7 no 

China (south) 2007 39.6 91.3 17.4 82.6 yes 

China (south) 2008 38.0 88.5 60.2 39.8 yes 

China (south) 2010 53.8 24.4 74.2 25.8 no 

China (south) 2011 48.8 40.6 72.9 27.1 no 

China (south) 2012 44.9 53.0 90.0 10.0 yes 

Turkey 2007 36.1 100.0 0.0 100.0 yes 

Turkey 2008 32.6 100.0 100.0 0.0 yes 

Turkey 2010 53.4 100.0 0.0 100.0 yes 

China (north) 2007 66.2 95.4 21.2 78.8 yes 

China (north) 2009 21.4 19.4 95.4 4.6 no 

China (north) 2011 78.6 49.5 70.7 29.3 no 

Ukraine 2004 86.0 100.0 0.0 100.0 no 

Ukraine 2005 30.0 100.0 100.0 0.0 yes 

Ukraine 2006 25.7 100.0 100.0 0.0 no 

Ukraine 2007 27.9 35.9 17.4 82.6 yes 

Ukraine 2010 67.5 60.7 100.0 0.0 no 

Ukraine 2012 20.8 71.4 0.0 100.0 no 

England 2005 64.2 17.7 94.4 5.6 yes 

England 2007 25.4 28.6 0.0 100.0 yes 

England 2010 39.4 48.6 93.4 6.6 no 

England 2012 61.5 43.4 9.9 90.1 no 

 

(a) Percentages of Victoria and Yamagata were calculated over all influenza B cases that were 

characterized. 

(b) By assuming that all tropical countries adopted the WHO recommendations for the Southern 

Hemisphere. 
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Supplementary Table 2.3. Proportion of influenza A versus B 

cases across age categories, median age and interquartile range (IQR), 

in countries (from southern- to northernmost) participating in the 

Global Influenza B Study. 

 

Country 
Virus 
type 

Cases 
(n) 

% of influenza cases aged: 
Median 

age (IQR) 
p value 

≤4 years  5–17 years 
18–64 
years 

≥65 
years  

Southern Hemisphere 

New 
Zealand 

A 14 168 16·6 
= 

18·3 
B 

54·9 
A 

10·2 
A 

NA 
– 

B 2862 16·9 33·4 44·2 5·5 NA 

Chile 
A 9423 31·3 

A 
19·3 

B 
37·1 

A 
12·3 

A 
17 (3–49) 

<0·001 
B 944 26·9 42·3 23·5 7·3 9 (4–28) 

Argentina A 267 19·5 
= 

30·3 
B 

46·8 
A 

3·4 
= 

18 (6–40) 
0·003 

(Santa Fe) B 110 21·8 45·5 30·0 2·7 10 (6–23) 

South 
Africa 

A 1021 49·7 
A 

5·0 
= 

41·0 
B 

4·3 
= 

NA 
– 

B 584 36·3 4·3 53·6 5·8 NA 

Australia 
A 

150 
252 

14·8 
= 

22·6% 
B 

53·1% 
A 

9·6 
A 

26 (10–46) 
<0·001 

B 28 673 14·4 33·0% 44·2% 8·4 19 (8–40) 

Inter–tropical belt 

Madagascar 
A 2626 31·6 

= 
39·8 

B 
28·0 

A 
0·6 

= 
9 (4–20) 

0·001 
B 1251 31·9 44·2 23·3 0·6 8 (3–17) 

Brazil  
A 2399 25·0 

A 
23·9 

= 
48·2 

B 
2·9 

= 
18 (4–32) 

0·010 
B 883 21·0 22·3 54·7 2·0 21 (7–33) 

Indonesia 
A 2303 15·3 

= 
29·0 

B 
54·6 

A 
1·0 

= 
21 (7–35) 

<0·001 
B 307 13.3 41.9 43.7 1.1 14 (7-30) 

Singapore 
A 4070 4·4 

= 
31·4 

B 
61·3 

A 
2·9 

= 
NA 

– 
B 1483 3·6 44·6 49·6 2·2 NA 

Kenya 
A 2933 64·8 

= 
23·4 

= 
11·5 

= 
0·3 

= 
NA 

– 
B 1492 62·6 26·0 10·7 0·7 NA 

Cameroon 
A 490 61·8 

= 
18·6 

= 
19·4 

= 
0·2 

= 
3 (1–12) 

0·298 
B 227 61·7 23·4 14·5 0·4 3 (1–7) 

Ivory Coast 
A 916 50·8 

= 
14·3 

= 
34·4 

= 
0·5 

= 
4 (1–27) 

0·507 
B 585 47·7 13·3 38·3 0·7 5 (1–29) 

Panama 
A 1868 25·7 

B 
32·9 

= 
38·3 

A 
3·1 

= 
NA 

– 
B 323 38·4 30·3 28·2 3·1 NA 

Costa Rica 
A 5265 12·4 

B 
25·3 

B 
56·8 

A 
5·5 

= 
NA 

– 
B 488 24·4 29·7 40·6 5·3 NA 
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Country 
Virus 
type 

Cases 
(n) 

% of influenza cases aged: 
Median 

age (IQR) 
p value 

≤4 years  5–17 years 
18–64 
years 

≥65 
years  

Nicaragua 
A 4882 24·4 

B 
35·2 

B 
35·7 

A 
4·7 

A 
NA 

– 
B 752 35·4 55·8 6·2 2·5 NA 

El Salvador 
A 1907 22·5 

B 
36·4 

A 
35·9 

A 
5·2 

= 
NA 

– 
B 490 37·8 30·4 24·5 7·3 NA 

Honduras 
A 1436 21·1 

B 
32·0 

= 
44·2 

= 
2·7 

= 
NA 

– 
B 166 28·3 31·3 39·2 1·2 NA 

Guatemala 
A 3568 30·1 

B 
28·3 

B 
38·7 

A 
2·9 

= 
NA 

– 
B 500 39·4 38·8 18·4 3·4 NA 

Vietnam 
A 5634 36·7 

= 
29·7 

B 
31·8 

A 
1·8 

= 
NA 

– 
B 2982 34·8 39·1 24·4 1·7 NA 

Northern Hemisphere 

Bhutan 
A 938 10·5 

= 
38·7 

B 
50·4 

A 
0·4 

= 
18 (10–27) 

0·001 
B 406 11·8 47·8 39·4 1·0 15 (8–25) 

China 
(south) 

A 86 305 20·2 
B 

36·2 
B 

41·3 
A 

2·3 
= 

NA 
– 

B 35 910 22·7 38·3 36·8 2·2 NA 

Turkey 
A 1624 11·8 

= 
31·2 

= 
54·4 

= 
2·6 

B 
21 (11–32) 

<0·001 
B 390 9·7 28·7 53·1 8·5 30 (9–46) 

China 
(north) 

A 44 350 18·7 
B 

39·1 
B 

39·9 
A 

2·3 
A 

NA 
– 

B 19 956 25·2 41·3 31·8 1·7 NA 

Italy 
A 6129 19·1 

A 
22·5 

B 
48·4 

A 
10·0 

A 
27 (6–48) 

<0·001 
B 635 12·4 51·7 30·7 5·2 11 (7–32) 

Ukraine 
A 958 25·4 

A 
34·1 

B 
38·7 

= 
1·8 

= 
13 (4–26) 

0·064 
B 309 16·2 45·6 36·6 1·6 14 (8–26) 

England 
A 4687 9·4 

A 
25·4 

B 
61·4 

A 
3·8 

= 
27 (12–42) 

0·008 
B 1560 7·6 33·9 55·6 2·9 23 (10–42) 

 


