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Abstract 
Introduction: Among the lessons learned from the 2009 influenza pandemic 
was the lack of a robust, standardized method that would allow a timely as-
sessment of the severity of pandemic influenza. To remedy this deficiency, 
WHO has set up an evaluation tool based on the following indicators: 1) 
transmissibility, 2) seriousness of disease, and 3) impact of the influenza 
pandemic. By using this pandemic influenza severity assessment (PISA) tool, 
this study aimed to evaluate the severity of DRC influenza seasons between 
2015 and 2019 to better prepare the country against the possible occurrence 
of an influenza pandemic. Methods: We performed a secondary data analysis 
from the DRC Influenza routine surveillance. We only explored the transmis-
sibility among PISA indicators. Results: The results of our study showed that 
the DRC influenza seasons had two waves. The first went from the 40th week 
to the 10th week, with a peak at the 50th week, and the second wave ran from 
the 15th week to the 40th, with a peak at the 19th week. There was an in-
ter-wave period between the 10th and 15th weeks. Of all the studied seasons, 
42.8% were characterized by low intensity, 33.3% by moderate intensity, 
19.0% by high intensity, and 4.8% by extraordinary intensity. Conclusion: 
The use of the PISA transmissibility indicator has contributed to better un-
derstanding influenza seasons in the Democratic Republic of Congo. 
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1. Introduction 

Influenza is an acute respiratory infection that occurs worldwide. It is a real pub-
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lic health problem, affecting 5% - 10% of adults and 20% - 30% of children each 
year, and leading to around five million cases of serious illness and 290,000 - 
650,000 cases of death [1]. 

The disease regularly appears in countries with temperate climates as seasonal 
epidemics in late autumn and during winter, causing a significant human and 
economic burden [2] [3] [4] [5] [6] [7]. In warm countries with equatorial, trop-
ical, or subtropical climates, cases of influenza appear throughout the year, with 
more or less irregular outbreaks. Little is known about the existence of a seasonal 
pattern of influenza transmission over the year. However, with the development 
of methods for calculating epidemic thresholds, some countries in these regions 
have managed to determine the beginning, the duration, and the end of their in-
fluenza seasons [8] [9] [10]. Furthermore, the burden of influenza is not well 
known, although there is growing evidence of similarity between temperate re-
gions [11] [12] [13] [14]. Despite temporary variations in influenza outbreaks, 
the existence of seasonality has been established for some countries. 

What is generally known is that climatic, environmental, social behavioral, 
and virological factors contribute to the occurrence of influenza epidemics 
whose severity and duration are subject to annual variations with no foreseeable 
cause [15]-[21]. 

One of the lessons learned from the 2009 influenza pandemic was the lack of a 
robust and standardized method to assess the severity of pandemic influenza in a 
timely manner. To remedy this deficiency, the World Health Assembly held in 
2011 recommended to WHO the setting up of a tool that should permit the as-
sessment both the severity of each seasonal influenza epidemic, or pandemic and 
to determine its chronology, scale, and importance as well as control measures to 
be urgently implemented. To solve this issue, WHO has developed a pandemic 
influenza severity assessment (PISA) tool using three indicators: 1) transmissi-
bility, 2) seriousness of disease, and 3) impact [22] [23]. The tool thus created, 
should set staggered thresholds based on historical epidemiological and virolog-
ical data. 

Apart from a pandemic, the PISA tool should also able to address seasonal in-
fluenza by determining its beginning, duration, end, intensity, number of waves 
and their peaks, in order to facilitate decision-making by the health authorities 
[24]. This tool recommends that transmissibility and impact indicators be meas-
ured from weekly rates while the seriousness indicator be measured from cumu-
lative values. 

Although the PISA tool has defined indicators to measure the severity of sea-
sonal or pandemic influenza, some methods are used for applying those indica-
tors according to the nature of dataset availability. The most well-known are the 
Moving Epidemic Method [25] [26] [27] and the WHO Average Curves Method. 
In addition to these two methods, the country-specific statically empirical me-
thod (CSED) is also used [28]. 

Thanks to the PISA tool, many countries are preparing to face a possible in-
fluenza pandemic. That’s why we have conducted this study as a preparedness 
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exercise for the DRC in order to assess influenza seasons between 2015 and 2019. 
This assessment aimed to determine the beginning, duration, and ending of in-
fluenza seasons as well as the number of waves per season and the intensity of 
thresholds. 

2. Methods 
2.1. Influenza Surveillance in the DRC 

The Democratic Republic of Congo is a vast country in Central Africa of 
2,345,000 km2 with 88,567,000 inhabitants. It is a warm country with two main 
climates: an equatorial climate characterized by rains throughout the year and a 
tropical climate with a 9-month long rainy season and a 3-month short dry sea-
son. In 2007, a sentinel influenza surveillance system was implemented, then 
gradually expanded to reach 12 sentinel sites in 2016 across the country. Buc-
co-pharyngeal and nasopharyngeal samples are taken from ILI and SARI and 
sent to the national influenza laboratory for testing. In addition to sentinel in-
fluenza surveillance, the country has a routine surveillance that deals with the 
notification of around 30 illnesses. The aim of influenza surveillance is both to 
detect the viral types and subtypes of influenza circulating in the country and to 
determine the burden of this disease to enable health authorities to take ade-
quate control measures. 

2.2. Data Source 

This study used epidemiological and virological data from sentinel surveillance 
and routine surveillance for the period from the 1st week of 2015 to the 39th 
week of 2019. A total of four types of datasets were used: 1) number of new out-
patients, 2) number of ILI patients, 3) number of samples collected from ILI pa-
tients for laboratory testing, and 4) number of influenza positive ILI samples 
among tested samples. All the tests were carried out at the national influenza la-
boratory using the PCR technique. 

During the period considered in our study, a total of 9445 ILI cases out of a 
total of 254,586 outpatients were recorded. Among the ILI cases, 3958 were 
tested in the laboratory, of which 317 were positive for the influenza virus. By 
definition, an ILI case was considered to be any patient admitted to an outpa-
tient clinic with a fever of 38˚C or higher, or with a history of fever, cough, or 
sore throat within 10 days. The DRC surveillance system generated these data, 
which are available at https://worldhealthorg.shinyapps.io/averagecurves/.  

2.3. Analysis Process 

To assess the severity of the influenza seasons from 2015 to 2019, we have cho-
sen the indicator of transmissibility relating to ILI cases. The evaluation process 
followed four steps described by WHO, notably: 1) choice of parameters to be 
used; 2) definition of the thresholds for each parameter selected; 3) application 
of the thresholds to assess the transmissibility of influenza; and 4) communica-
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tion of assessment results [22]. 
1) Choice of parameters 
For the first step, we chose three parameters: the syndromic ILI parameter, the 

virological ILI parameter, and the composite ILI parameter. These parameters 
were calculated weekly from the formulas shown in Table 1. 

2) Establishment of seasonal thresholds and determination of the intensity of 
transmission or impact 

For these steps, we used the WHO average curves method, which is posted on 
the web as an application at https://worldhealthorg.shinyapps.io/averagecurves/. 

This application makes it possible to describe influenza activities for each year 
separately or by shifted year. Our preference was to use shifted years given the 
characteristics of our flu season, which spans two years. Where the tool did not 
allow the use of staggered years, we used separated years. This tool is also able to 
establish a comparison within the same graph between the average curve of in-
fluenza activity for previous years (2014/2015, 2015/2016, 2016/2017, 2017/2018), 
called the “average epidemic curve”, and the epidemic curve of the year under 
surveillance (2018/2019), based on 4 thresholds: the epidemic threshold, the 
moderate threshold, the high threshold, and the extraordinary threshold. In ad-
dition, this application has the ability to determine the value of epidemic peaks 
and wave intensity.  

The epidemic threshold was obtained by calculating the historical median rate 
per week. Other thresholds of the average curve were calculated on the basis of 
the historical peaks and the mean and standard deviations of their intensities. 
Using the normal distribution, the 40, 90, and 97.5 percent intervals were used to 
calculate the moderate, high, and extraordinary thresholds, respectively. Inten-
sity thresholds were calculated separately for each wave. The operation of this 
application has been adapted from the WHO Manual of Global Influenza Epi-
demiological Surveillance Standards [24]. 

2.4. Ethical Considerations 

Data used in this paper comes from the WHO FluNet and FluID networks for  
 
Table 1. Parameters of the transmissibility indicators and their calculation methods. 

Indicator Parameters Calculation 

Transmissibility 

syndromic ILI 
Number of notified ILI  
cases*100/Total of outpatients (a) 
(a) = Proportion of notified ILI cases 

virological ILI 
Number of positive ILI cases*100/Total 
of tested ILI cases (b) 
(b) = Positivity rate of ILI cases 

Composite ILI or 
product of syndromic 
and virological ILI 

Proportion of notified ILI  
cases*Positivity rate of ILI cases {(a)*(b)} 
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influenza surveillance. They were generated by the DRC Ministry of Health through 
the office of Surveillance Diseases. We required and obtained approval from the 
Kinshasa University IRB committee to use them. 

3. Results 
3.1. Transmissibility 
3.1.1. Graphical Representation of the Data 
In relation to transmissibility, Figure 1 includes three curves representing syn-
dromic, virological, and composite ILI parameters from 2015 to 2018/2019. Data 
are expressed per cent, 1/100 for curve 1a, 1/100 for curve 1b, and 1/10,000 for 
curve 1c, per week. 

The examination of the 1agraph shows a sawtooth trend with a high peak of 
cases recorded in 2017. On the other hand, the 1b curve shows several peaks, of 
which the highest are located in 2 015 and 2018. This curve shows an interrup-
tion in the 2017 season. The 1c curve follows almost the same trend as curve 1b, 
but with fewer peaks. Those two curves show the limitation of flu seasons. 

3.1.2. Establishment of Seasonal Thresholds and Determination of  
Transmission Intensity or Impact 

For the three ILI parameters, epidemiological curves of the 2014/2015, 
2015/2016, 2016/2017, 2017/2018, and 2018/2019 influenza seasons were pro-
duced based on the epidemiological weeks as shown in Figure 2. Sub Figures 
2(a)-(c) represent, respectively, syndromic, virological, and composite data. All 
these curves were aligned to the median value of their respective peaks as de-
scribed in the methodology. Thus, the alignment was carried out at week 46 for  
 

 
Figure 1. Time series of ILI. 
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Figure 2. Seasonal aligned curves. 
 

curve 2a, and at week 52 for curves 2b and 2c. This figure also shows that the 
epidemic threshold is located at 3.38 for the syndromic data, reflecting pre- and 
post-epidemic periods. For the virological and composite parameters, the epi-
demic threshold is equal to 0. The details of the influenza activity during the dif-
ferent seasons are shown in Table 2. 

This table shows the existence of two waves for each influenza season. Each 
wave has a peak with a certain value and is located during a specific week. The 
wave also has an intensity that reflects the influenza activity. 

For a total of four seasons, eight waves were identified. However, some data is 
missing. These are the data for the syndromic and composite ILI parameters 
from wave 1 of the 2014/2015 season, as well as the virological ILI parameter 
from wave 1 of the 2016/2017 season. 

The wave intensity assessment highlighted 21 ratings for all 3 parameters. “L” 
denotes low activity level and represents 9 waves out of 21% or 42.8%, moderate 
activity level “M” had a total of 7 waves out of 21% or 33.3%, high activity level 
“H” scored 4 waves out of 21% or 19.0%, and finally, extraordinary activity level 
“E” one wave out of 21% or 4.8%. 

The average of the activities of the epidemiological curves of the previous 
seasons (ranging from the 2014/2015 season to the 2017/2018 season) is 
represented by an average epidemiological curve for each of the three parameters 
studied as shown in Figure 3; Figure 3(a) for the syndromic ILI parameter, 
Figure 3(b) for the virological ILI parameter, and Figure 3(c) for the composite 
ILI parameter. For each parameter, the epidemiological curve of the influenza 
season under surveillance (2018/2019) is compared to the average epidemiological  
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Table 2. Characteristics of waves according to Influenza seasons. 

ILI parameter Wave characteristics 2014/2015 2015/2016 2016/2017 2017/2018 

Syndromic 
Parameter 

Wave number  2 1 2 1 2 1 2 

Peak week  30 44 36 49 36 46 26 

Peak value  5.59 5.66 6.18 18.7 4.01 5.89 4.28 

Wave intensity  M L H H L L M 

Virological 
parameter 

Wave number 1 2 1 2  2 1 2 

Peak week 51 22 9 14  19 51 19 

Peak value 75.00 58.82 28.57 12.50  44.44 63.64 100.00 

Wave intensity L H L L  M H E 

Composite 
parameter 

Wave number  2 1 2 1 2 1 2 

Peak week  23 9 14 44 19 44 19 

Peak value  1.7 0.68 0.49 0.00 0.63 1.38 1.58 

Wave intensity  M M L L L M M 

L: low; M: Moderate; H: High; E: Extraordinary. 
 

 
Figure 3. ILI average curves compared to 2018/2019 seasonal epidemic curves. 
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curve, reflecting all the influenza activities of previous seasons. 
At the level of each sub-graph, the average epidemic curve is represented in 

black and the season under surveillance in blue. The average epidemic curve 
shows a typical influenza season, in terms of weeks and intensity. The distribu-
tion of past seasonal peaks is represented by a whisker box and vertical shading. 
Thresholds representing the intensity of activity are indicated by colored cross 
lines. 

The mean curve was calculated over two periods: from week 40 to week 15, 
and from week 10 to week 40. Between the two periods, there is a 5-week overlap 
period, from week 10 to week 15, which is indicated on the epidemiological 
curve by black dotted lines. The severity of the season was assessed from the 
maximum intensity of each wave, as shown in Table 2. 

According to the syndromic ILI parameter shown in subgraph 3a, the epi-
demic period is from the 40th week to the 50th week, when the mean epidemic 
curve crosses the epidemic threshold. The peak for this period is moderate and 
occurs in week 46. From the 50th week, a post epidemic period occurs which 
continues until the 30th week, then a short epidemic period of low intensity ap-
pears which continues until the 39th week. 

With the virological ILI parameter, the first wave begins at week 40 with a 
moderate intensity peak at week 50, then decreases in intensity until the in-
ter-wave period extends from week 10 to 15. The second wave begins from week 
15 to week 39, with a moderate peak in intensity at week 19. 

According to the composite parameter, the season starts at week 40 and peaks 
at week 45, then starts again at week 13 with a peak at week 19, and ends at week 
39. An inter-wave period was observed between the 10th and 15th week. 

For the 2018/2019 season under surveillance, the trend of the syndromic ILI 
curve is almost similar to that of the average epidemic curve, except for the post 
epidemic period, which is quite short. This similarity is also remarkable for the 
virological ILI parameter. In contrast, the 2018-2019 composite epidemic curve 
is singular because it reached an extraordinary threshold in the first wave and a 
high threshold in the second wave. 

As in the influenza seasons, four thresholds were calculated for the average 
epidemic curve, as shown in Table 3. In total, four thresholds were calculated  
 
Table 3. Threshold of the average epidemic curve by parameter and by wave from 
2014/2015 to 2018/2019 influenza season. 

Threshold 

Syndromic  
parameter 

Virological  
parameter 

Composite  
parameter 

Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2 

Epidemic 3.38 3.38 0.00 0.00 0.00 0.00 

Moderate 6.68 4.14 33.7 29.6 0.51 0.93 

High 15.40 5.80 60.8 56.3 1.58 1.88 

Extraordinary 19.20 6.66 72.7 68.1 2.05 2.30 
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and established as shown in Table 3 according to the three parameters. For the 
three average curves, the maximum threshold was moderate for all three para-
meters. The epidemic thresholds for the first wave are identical to those of the 
second for the three parameters studied. On the other hand, the thresholds are 
higher for the first wave compared to the second for the syndromic ILI and vi-
rological ILI parameters, while they are lower for the composite ILI parameter. 

4. Discussion 

In order to determine the influenza season in DRC, we used the WHO method 
with the WHO average curve web application. This tool allowed us to evaluate 
one of the three PISA indicators, namely the transmissibility of influenza infec-
tion. The purpose of this tool was to produce an average epidemiological curve 
from historical data of previous years to be compared with the epidemiological 
curve of the year under surveillance. To do this, we used data from the influenza 
seasons from 2014/2015 to 2017/2018 that we compared with the 2018/2019 in-
fluenza season. In addition to producing the epidemiological curve, the tool al-
lowed us to determine different thresholds as well as the intensity of different in-
fluenza seasons. To do so, we used three parameters: syndromic ILI, virological 
ILI, and composite ILI. A total of four thresholds were established to mark the 
beginning of the season. These are the epidemic, moderate, high, and extraordi-
nary thresholds. From these thresholds, levels of influenza activity have been es-
tablished. These are the low, moderate, high, and extraordinary levels. 

There are other methods to evaluate the severity of influenza seasons, such as 
the Moving Epidemic Method (MEM), but we chose the WHO method because 
of its simplicity, its ability to manipulate virological data [29], and, above all, the 
use of the algorithm allowing the division of the influenza season into two pe-
riods. 

Subfigure 1a of our results on the syndromic ILI parameter showed that the 
influenza seasons were not clearly identifiable, unlike the virological and com-
posite ILI parameters. These results are in contrast with those of studies carried 
out in Europe [30] and the United States [31] which showed that the syndromic 
ILI parameter was able to monitor seasonal influenza activity. However, they are 
similar to those found in a study in Cambodia [32]. This similarity is further 
reinforced by the fact that the Cambodia study, like ours, used the WHO me-
thod and that both Cambodia and the DRC are in the tropics. 

The curve 1b of the virological ILI time series showed a break at its base dur-
ing the 2016/2017 influenza season. This break is due to the interruption of 
sample collection and analysis at the National Influenza Laboratory between 
October 2016 and January 2017, occasioned by the shortage of lab reagents and 
supplies. This is illustrated by the absence of virological data in the first wave of 
the 2016/2017 season in Table 2. 

Average epidemic curves showed two waves from the 40th to 39th week of the 
next year, with an inter-wave period between the 10th and the 15th week. The in-
fluenza outbreaks correspond to the rainy season, which spans from September 
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to June each year [33]. The first wave that runs from week 40 to week 10 corres-
ponds in Europe to the winter epidemic period, which extends from the 52th 
week to the we 8th week, based on data from 13 influenza seasons from 2001 to 
2014 in 30 countries [30]. 

For good reason, determining the onset of an influenza epidemic and its in-
tensity is of great importance. It allows the health system to prepare by develop-
ing a contingency plan and allocating necessary resources such as vaccines, anti-
virals, and communication tools [34]. It also allows for intensified epidemiolog-
ical surveillance and monitoring of high-risk individuals [35]. Setting the epi-
demic threshold is very important in determining the beginning and end of an 
epidemic. The other thresholds mentioned above are used to monitor the inten-
sity of the epidemic and to alert the surveillance system [35]. 

The DRC started posting these data on the FluNet system in 2010. These are 
virological data from the analysis of samples of suspected influenza cases from 
sentinel surveillance sites. These samples were collected using the ILI and SARI 
case definitions adapted to those of the WHO. During the 2014-2015 season, 
syndromic data were collected and posted to the FluID system on a weekly basis. 
In this study, we aimed to compare syndromic data with virological data, but we 
excluded virological data prior to 2014. In addition, we were limited to assessing 
only one of the three PISA indicators, which is transmissibility, using the ILI da-
ta source. Furthermore, this study is the first attempt to assess the transmissibil-
ity of influenza in the DRC. We would have liked to compare our results to those 
of Central African countries, but they are not currently available. Despite its li-
mitations, we are convinced that our results are valid for informing the influenza 
surveillance system in the DRC. 

5. Limits 

The DRC started posting these data in the FluNet system in 2010. These are vi-
rological data from the analysis of samples of suspected influenza cases from 
sentinel surveillance sites. These samples were collected using the ILI and SARI 
case definitions adapted to those of the WHO. It was from the 2014/2015 season 
that syndromic data were collected and posted weekly to the FluID system. As 
for this study, we sought to compare syndromic data with virological data. We 
did not include virological data from before 2014. In addition, we were limited 
to assessing only one of the three PISA indicators which is transmissibility using 
the ILI data source. Furthermore, this study is a first attempt to assess the trans-
missibility of influenza in DRC. We would have liked to compare our results 
with those of countries in the Central African region, which are not currently 
available. Despite its limitations, we are convinced that our results are valid for 
informing the influenza surveillance system in DRC. 
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