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Abstract
Background: Several statistical methods of variable complexity have been developed to establish thresholds for in�uenza activity that may be
used to inform public health guidance. We compared the results of two methods and explored how they worked to characterize the 2017-2018
season.

Methods: Historical data from the 2005/2006 to 2016/2017 seasons were provided by a network of 412 primary health centers in charge of
in�uenza like illness (ILI) sentinel surveillance. We used the WHO averages and the moving epidemic method (MEM) to evaluate the proportion
of ILI visits among all outpatient consultations (ILI%) as a proxy for in�uenza activity. We also used the MEM method to evaluate three
seasons of composite data (ILI% multiplied by percent of ILI with laboratory-con�rmed in�uenza) as recommended by WHO.

Results: The WHO method estimated the seasonal ILI% threshold at 0.9%. The annual epidemic period began on average at week 46 and lasted
an average of 18 weeks. The MEM model estimated the epidemic threshold (corresponding to the WHO seasonal threshold) at 1.5% of ILI visits
among all outpatient consultations. The annual epidemic period began on week 49 and lasted on average 14 weeks. Intensity thresholds were
similar using both methods. When using the composite measure, the MEM method showed a clearer estimate of the beginning of the in�uenza
epidemic, which was coincident with a sharp increase in con�rmed ILI cases.

Conclusions: We found that the threshold methodology presented in the WHO manual is simple to implement and easy to adopt for use by the
Moroccan in�uenza surveillance system. The MEM method is more statistically sophisticated and may allow a better detection of the start of
seasonal epidemics. Incorporation of virologic data into the composite parameter as recommended by WHO has the potential to increase the
accuracy of seasonal threshold estimation.

Background
Seasonal in�uenza epidemics result in considerable annual morbidity and mortality, with an estimated 291,243 to 645,832 deaths per year
globally (1). Associated with these seasonal epidemics are substantial economic losses due to absenteeism, lost wages and increased
utilization of health care services (2). The in�uenza-associated respiratory annual mortality rate for people aged 65 and older in Morocco has
been recently estimated by the US Centers for Disease Control and Prevention (US CDC) at 3.7 per 100,000 (95% Credible Interval of 0.4 - 22.3)
(1).  The risk of hospitalization due to in�uenza is 5 to 10 times greater in high-risk populations in Morocco (e.g., the elderly and people with
chronic disease) than in the general population (3). The most effective ways to prevent or mitigate these effects are through vaccination
combined with appropriate clinical management of persons infected with in�uenza. Optimal impact of vaccination campaigns is achieved by
timing them prior to the beginning of the in�uenza season to ensure maximum coverage and protection among the population. Likewise, a
timely signal to healthcare providers that the in�uenza season is underway helps to guide their patient management decisions and to mitigate
the effects of illness in the individual and in the community.

Local patterns of in�uenza virus circulation and seasonality may differ geographically, necessitating national estimates of seasonal in�uenza
activity to inform public health guidance. National surveillance data is essential for understanding those patterns and establishing signals for
the beginning of the in�uenza season and epidemic periods. Establishing baseline activity, epidemic and alert thresholds is a useful tool to
inform recommendations for timely in�uenza vaccination to lessen the burden of seasonal epidemics (4).

While several statistical methods are commonly used, there is no gold standard for calculating in�uenza epidemic thresholds. The methods
developed to date vary in their complexity and calculate either time-varying or �xed thresholds. The simplest ones use visual inspection of
historical data to create a �xed threshold indicating the expected level of activity throughout the year (5, 6). Statistical methods include
regression models (7-10), time series methods (11), adaptation of industrial control processes such as Shewart charts (12), Cumulative Sum
(CuSum) (13) and rate difference models (14).

Methods that involve calculation of means and medians are of medium complexity but are practical as they may be simple to implement. The
objective of this study was to evaluate the performance of two methods using means and medians to establish thresholds using data from the
Moroccan national in�uenza-like illness (ILI) syndromic surveillance system. We compare the results of the World Health Organization
averages method (WHO method) with the Moving Epidemics Method (MEM) which is recommended by both the WHO and the European Centre
for Disease Prevention and Control (ECDC). As a complement to the thresholds using syndromic data, we also calculated a threshold using a
composite parameter integrating both syndromic and virologic surveillance data. Following these direct comparisons of the methodologies, we
explored the best method for characterizing the 2017/2018 in�uenza activity.

Methods
Data collection
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In 2004, the Epidemiology Department of the Ministry of Health of Morocco launched a year-round public sector syndromic surveillance
system for ILI comprised of 412 primary health centers, with a catchment population of almost 12 million people. Sites report weekly ILI
activity to the regional and central levels, where health o�cials aggregate the surveillance data.  A case de�nition similar to the 1999 WHO ILI
case de�nition recommended for public health surveillance, de�ned as “a sudden onset of fever, a temperature >38°C and cough or sore throat
in the absence of another diagnosis” was used from 2004 to 2015 (15, 16).  In 2015, Morocco adopted the updated WHO standard ILI case
de�nition (5) developed in 2011 as “an acute respiratory illness with a measured temperature of  ≥ 38°C and cough, with onset within the past
10 days” (17). Reporting includes the total number of ILI consultations aggregated by gender and age group, as well as total outpatient
consultations. The proportion of ILI visits among all outpatient consultations is used as a proxy for in�uenza activity.

In 2007, the Moroccan National In�uenza Center (NIC) began a virologic surveillance system in both ambulatory and hospital sites to
complement the syndromic system and provide data on laboratory-con�rmed in�uenza activity (18). After an interruption in data collection
beginning in 2010, virologic surveillance was resumed in 8 sentinel sites in 2014. Specimens were collected and characterized between
September and June. Enrolling patients from both out- and in-patient facilities allowed the integration of epidemiologic and virologic data
representing the spectrum of illness from mild (ILI) to severe (e.g. severe acute respiratory infection or SARI) (17).

We used eleven seasons of syndromic surveillance data (2005/2006 to 2016/2017, excluding the 2009/2010 pandemic year from analysis as
in�uenza activity was not re�ective of a typical season); this was described elsewhere (19). We compared two methodologies for establishing
seasonal baseline activity and epidemic thresholds. We also compared the calculated thresholds with the observed weeks for the start and end
of the 2017/2018 season. Using three seasons of virologic ILI surveillance data (2014/2015 to 2016/2017), we used the MEM method to make
calculations using the composite parameter recommended by WHO (20); this method estimates the proportion of laboratory-con�rmed
in�uenza ILI consultations among all outpatient consultations, or the product of weekly ILI consultations of total outpatient visits and weekly
percentage of in�uenza-positive specimens among respiratory tests.

Methodology & statistical procedures

Overview of WHO and MEM methods

The methods discussed in order to standardize country information on in�uenza activity, have raised basic concepts summarized in table 1.

The WHO method

The 2012 WHO Global Epidemiological Surveillance Standards for In�uenza (WHO Manual) (5) included a simple method to establish an
average epidemic curve to identify the beginning of the in�uenza season using national in�uenza surveillance data. This method characterizes
the intensity of in�uenza activity each year and may be used to describe the seasonality of in�uenza virus circulation. Using ILI as a proxy for
in�uenza virologic activity (21, 22), we used weekly proportion of ILI among all outpatient consultations as our indicator of in�uenza activity.

With this method, we were able to produce an average epidemic curve. Using data from the average epidemic curve, we used statistical
measures of variance to establish an alert threshold.

We determined the �at baseline for expected in�uenza activity throughout the year in order to develop an indicator for the onset of in�uenza
season (seasonal threshold). Sustained in�uenza activity (i.e., three consecutive weeks) above this baseline indicated the start of the in�uenza
season or the epidemic period (5). In the �nal step, moderate, high, and extraordinary intensity thresholds were estimated as described in the
WHO Pandemic In�uenza Severity Assessment manual (20), (Figure 1).

The Moving Epidemic Method

The Moving Epidemic Method (MEM) (25-30) is an alternative tool developed to help model in�uenza epidemics also using retrospective
national surveillance data. It may be described as a combination rate-difference model that uses cumulative differences in rates to determine
epidemic periods and intensity of activity (29, 30).

Using the free software R for statistical computing and graphics (27) and its open source user interface RStudio (28), we uploaded our
surveillance data via the MEM application (25),  and �t the model using three steps. We �rst visually compared activity over the eleven seasons
in order to compare the timing of peak activity and activity trends across seasons. The MEM procedure has three main steps: First, the length,
start and the end of the annual epidemics are determined, splitting the season in three periods: a pre-epidemic, an epidemic and a post-
epidemic period (29, 30).  In the second step, we built the model by using retrospective data from all eleven seasons. The MEM app calculated
the pre-epidemic threshold that marks the start of the epidemic period (analogous to the seasonal threshold in the WHO method). In the third
step, medium, high, and very high intensity thresholds were estimated (Table 2). Using the app, we produced graphs of each season showing
the pre-epidemic, epidemic and post-epidemic periods (Figure 2). In addition, as the assumption that ILI activity is re�ecting in�uenza virus
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circulation has limitations, we created a second seasonal threshold with this methodology using the composite parameter recommended by
WHO for three seasons of virologic ILI surveillance (Figure 3).

Lastly, we calculated indicators of performance of the app to detect epidemics, using values from the model for sensitivity, speci�city, positive
predictive value, negative predictive value, percent agreement and the Matthew correlation coe�cient (Table 3). The application allowed us to
optimize the model by searching the optimum slope of the MAP curve to optimize the goodness-of-�t of the model for detecting epidemics.

The MEM app calculates goodness-of-�t indicators in an iterative process using a cross- validation procedure (29). True positives (TP) were
then de�ned as values of epidemic period above the threshold, true negatives (TN) as values of the non-epidemic period below the threshold,
false positives (FP) as values of the non-epidemic period above the threshold and false negatives (FN) as values of epidemic period below the
threshold. The process was repeated for each season in the dataset and all TP, TN, FP and FN were pooled. To measure the performance of the
threshold, the following statistics and de�nitions were used (29):

1. Sensitivity: The number of epidemic weeks above the pre-epidemic threshold and above the post-epidemic threshold divided by the
number of epidemic weeks (epidemic length).

2. Speci�city: The number of non-epidemic weeks below the pre-epidemic threshold and below the post-epidemic threshold divided by the
number of non-epidemic weeks.

3. Positive predictive value (PPV): The number of epidemic weeks above the threshold divided by the number of weeks above the threshold.

4. Negative predictive value (NPV): The number of non-epidemic weeks below the threshold divided by the number of weeks below the
threshold.

Ethics statement

The ILI sentinel surveillance system is a public health activity organized by the Ministry of Health of Morocco. Personally identi�able data is
excluded from this surveillance system; as a result, no request for authorization from the National Ethics Committees was required. Indeed,  the
Royal Dahir N°1-15-110 dated August 4, 2015, promulgating the law N°28-13 relating to the protection of persons participating in biomedical
research,  provides for special provisions for non-interventional or observational researches  as stipulated in its articles 2 and 26.

Results
Average ILI activity thresholds: WHO methodology

When applying the WHO method to our eleven years of surveillance data, we estimated that the seasonal threshold was the point at which
more than 0.9 % of outpatient consultations were due to ILI (Table 2). In�uenza activity crossed this threshold on average at week 43 and the
beginning of the epidemic period would be declared after three consecutive weeks of activity above this threshold, on average at week 46. The
typical epidemic period lasted 24 weeks, �nishing at week 18, when activity was below the seasonal threshold for three consecutive weeks.
The average peak activity occurred during week 3. Seasons where ILI activity regularly crossed the alert threshold may be characterized as
severe (Figure 1 and Table 2). Intensity thresholds were ILI% of 2.13%, 2.77% and 3.06% for moderate, high and extraordinary intensity
thresholds) (Figure 1 and Table 2).

Average ILI activity thresholds: MEM methodology

The MEM model produced an estimate that the average annual in�uenza epidemic period began on week 49, and that the epidemic period
lasted on average 14 weeks. The epidemic threshold (corresponding to the WHO seasonal threshold) was higher, at 1.51% of ILI patients
among all outpatients. The average peak activity occurred during week 3, consistent with the estimate using the WHO method. Intensity
thresholds were of 2.12%, 2.81% and 3.19% of ILI patients among all outpatients for respectively medium, high and very high intensity
thresholds (Figure 2 and Table 2).

Indicators related to the goodness-of-�t of the MEM model for detecting the epidemics, using these retrospective data showed that the
sensitivity of the MEM epidemic threshold was 0.81 whereas the speci�city was 0.92. Positive predictive value was 0.71 and negative
predictive value was 0.95 (Table 3).

Average laboratory-con�rmed in�uenza activity thresholds: MEM methodology

Using three seasons of virologic data, we established a third seasonal baseline based on the composite parameter recommended by WHO,
which integrated both laboratory-con�rmed in�uenza and syndromic ILI reporting (Figure 3). This method allowed us to compare the results of
characterizing seasonality using these data types to identify the beginning of the in�uenza season. Applying the MEM methodology to our
combined data, we determined that the average epidemic began at week 50, average peak activity occurred at week 3 and the average
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epidemic period lasted 15 weeks. Using this method, medium, high and very high intensity thresholds were set at 0.59%, 1.5% and 2.05% of
laboratory-con�rmed ILI patients among all outpatients (Figure 3 and Table 2). Goodness-of-�t indicators showed a sensitivity of 76%,
speci�city of 95%, positive predictive value of 80% and negative predictive value of 93% (Table 3).

2017/2018 in�uenza season performance

After plotting the 2017/2018 ILI data with the WHO thresholds, the curve overlapped the average epidemic curve and activity crossed the
seasonal threshold during week 43 of 2017 and was sustained after this time, con�rming that this was the start of the epidemic period (Figure
1).

The season peaked during the second week of 2018, one week earlier than the average identi�ed by the WHO methodology (week 3); we
observed peak activity of 2.14 % of ILI patients among all outpatients (Figure 1).

When using the MEM method with ILI proportions, the epidemic period began at week 47, or the end of November 2017. This �nding indicated
an early season, beginning 2 weeks before the average epidemic start week of 49. The season peaked at week 2 of 2018 (beginning of
January), one week before the average peak week determined by MEM (week 3), with peak activity above 2% of ILI patients among all
outpatients. This season was characterized as one of medium intensity (Figure 2).

When considering the composite parameter, the MEM method showed that the epidemic period began at week 48, or the end of November
2017, with a sharp increase of the epidemic curve two weeks prior to the average start (week 50). The seasonal peak occurred at week 2 of
2018, one week before the average peak week (week 3), with peak activity above 1.25 % of con�rmed ILI patients among all outpatients. This
season almost reached the threshold for high intensity (Figure 3).

Discussion
The occurrence of the 2009 H1N1 pandemic highlighted the need for a robust and standardized method to make timely assessments of the
severity of in�uenza activity that may be used as an indicator of an unusual event. WHO developed and began implementing a framework on
pandemic in�uenza severity assessment (PISA) (20) in March 2017. Member States are encouraged to establish in�uenza baseline and
epidemic alert thresholds from surveillance data and to monitor and describe the severity of each in�uenza season (seasonal, epidemic or
pandemic in�uenza) using these thresholds. For this purpose, a simple method proposed by the WHO was used (22-24). WHO is now
recommending MEM, which is a more sophisticated method of reporting in�uenza activity adopted by the European Centre for Disease
Prevention and Control (40-43) and adopted by several countries from other regions (35, 44). The analysis using the MEM application with
eleven seasons of syndromic surveillance data showed clear seasonality to ILI activity and visual inspection of graphed data revealed a single
seasonal peak per year. The data show seasonal peaks between December and March, varying by year, as described by Barakat et al. based on
visual analysis (18), matching trends observed in other northern hemisphere countries (34). The average seasonal peak in Morocco occurs at
week 3 (mid-January) using either method. The seasonal threshold established using the method described in the WHO in�uenza surveillance
guidelines was lower than the epidemic threshold calculated by the MEM method when ILI proportions are considered (0.9 % versus 1.51% of
ILI patients among all outpatients). The average epidemic start week was estimated to be earlier when using the WHO method, with an average
start at week 46 versus week 49 or 50 by using respectively ILI proportions or the composite parameter with the MEM method. There is a three-
to four-week difference between these 2 methods when describing the typical start to a season; the optimal timing of a seasonal in�uenza
vaccination campaign might vary accordingly. Public health o�cials must weigh the costs and bene�ts of the optimal campaign period.
In�uenza vaccine administration is ideally timed at least several weeks prior to in�uenza virus circulation as antibody response is achieved on
average two weeks post vaccination (45). The average epidemic period estimated by the WHO method was longer compared with the MEM
method (24 weeks vs. 14 or 15 weeks respectively). There are few publications with estimates of the typical duration of an in�uenza season
(34). According to the available evidence, the duration of the in�uenza season in the temperate zone of the northern hemisphere, ranges 12–19
weeks in Europe (36).

The goodness-of-�t calculations from the MEM application indicate that the MEM capacity for detecting epidemic activity had a sensitivity of
81% and a speci�city of 92% when using ILI proportions, implying that it is better for eliminating false signals than it is for detecting a true
signal. Our �nding is similar to that of Vega et al., who also found the sensitivity to be signi�cantly lower than the speci�city (29). Using
Cambodian surveillance data, Ly et al. (24) also found that the WHO methodology appeared to have a higher sensitivity for detecting early
epidemic activity, but a lower speci�city than MEM, implying a greater risk of signalling false starts to the season. Timely detection of the start
of seasonal epidemics may be important to alert health services and to mitigate morbidity, mortality and economic costs by allowing resource
allocation and adjusting response measures to face the seasonal overload in the healthcare system. The public health implications for this
difference between methodologies are that using the MEM method without applying the seasonal threshold established using the WHO
method, there is a risk of missing the beginning of the epidemic period and not providing timely guidance to clinicians to indicate in�uenza
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season has begun, and to manage patient treatment accordingly. Using the lower WHO threshold for public health messaging regarding the
beginning of the in�uenza season may pose the risk of a false alert and perhaps over-prescribing antiviral medications. From another point of
view, using a low seasonal threshold could in�uence decision-makers to recommend earlier vaccination. As our results showed that the
seasonal threshold typically occurs between mid-November and mid-December in Morocco, appropriate timing for vaccination could be about
one month before this date. Of note, the US Advisory Committee on Immunization Practices (ACIP) recommends that vaccination should be
offered by the end of October, considering the unpredictability of timing of onset of the in�uenza season and concerns that vaccine-induced
immunity might wane over the course of a season (37).

Low seasonal thresholds may be crossed multiple times as was the case in our application of the WHO threshold for several seasons
(2005/2006, 2006/2007, 2010/2011, 2011/2012 and 2013/2014 [not shown]), due perhaps to variability in reporting by the surveillance sites.
Because of this variability, it is possible that declaring the start of the in�uenza season after two or three sustained weeks of activity above the
threshold as recommended by WHO, is a prudent option for considering in�uenza transmission as epidemic. The MEM methodology, however,
calculates the length of the epidemic period during each season separately in order to determine the average length. Thus, the epidemic
threshold calculated with the MEM method could be preferable to that established with the WHO method.

MEM was �rst used in in the WHO European Region to estimate epidemic period and intensity using a minimum of �ve historical seasons for
the calculations and the target season (29).  Despite the availability of only three years of virologic data in Morocco, we followed a WHO
recommendation to use the composite parameter with MEM (20). This allowed a clearer cut estimation of the beginning of the in�uenza
epidemic period, characterized by a sharp increase in in�uenza-con�rmed ILI cases.

When ILI proportions are used, the two methods produce similar values for each intensity threshold considered in the PISA assessment of
seasonal transmissibility; WHO has adopted the MEM for this purpose. When comparing the highest weekly activity per season (the seasonal
peak) to the intensity thresholds established by WHO and MEM procedures, the 2017/2018 season was of moderate intensity (Figure 1 and 2).
Using the composite parameter, the 2017/2018 seasonal peak nearly reached the high intensity threshold, whereas this curve didnot cross the
medium intensity threshold when using only ILI proportions.

Our study has several limitations. First, the assumption that ILI activity re�ects in�uenza virus circulation is limited because of possible
concurrent circulation of other respiratory viruses (e.g., RSV) (38-39). WHO recommends using a composite parameter de�ned as the product
of the ILI or ARI proportion and the percentage positive for the transmissibility indicator of the PISA tools (20). Unfortunately, virologic data
collected prior to 2014 was not consistently available for the period of our study as virologic surveillance was disrupted between 2010 and
2014. Despite this limitation, our laboratory-con�rmed data showed something different than the syndromic data as the start of the virologic
activity occurs suddenly and is therefore clearly identi�ed. It is obvious that the inclusion of virologic data increases the speci�city of seasonal
threshold estimation. According to the WHO guidelines (5), “a combination of parameters may be preferable. For example, a seasonal
threshold could be de�ned as the week in which the ILI rate crosses a certain value and the percentage of specimens testing positive reaches a
certain point”.

Given the long life of our surveillance system, our data were limited by changes in data collection practices, inconsistency of reporting by
surveillance sites, and variable access to primary health care. These problems are not unique to the Morocco ILI surveillance system, and we
believe they are the nature of routine, sentinel surveillance. Another limitation was the adoption of a new case de�nition in 2015, at which point
we also re-launched our surveillance system using a new protocol. These changes may have affected the trends that we observed in ILI activity
from that year forward. Since both methods we used to establish thresholds recommend using a minimum of three to �ve seasons of data, we
would not have enough data to run the models if we used only data from 2015 onward.

Determining a gold standard for in�uenza epidemic and intensity thresholds has been a long-standing research question for both international
organizations and country-level public health authorities, and there is no consensus on the best method (5, 29-34). Both the WHO method and
the Moving Epidemic Method translate quantitative trend data into standardized qualitative intensity levels, which permit countries to
determine if the current season is atypical or to assess country or regional differences in activity and intensity. Both methods identi�ed that the
2006/2007 season was the most active in Morocco, excluding the 2009/2010 pandemic season according to non-published observations.
Both methods are coherent to identify excess activity or high intensity thresholds even though with adequate laboratory data MEM with the use
of the composite parameter, gives a theoretically better qualitative measure of the level of activity.

Conclusions
This comparative study has shown that the threshold methodology presented in the WHO manual is simple to implement and easy to adopt
for use by the in�uenza surveillance system in Morocco or the national surveillance systems of other similar countries. MEM is more
statistically sophisticated and may provide a more accurate detection of the start of seasonal epidemics in temperate countries with clear
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seasonal circulation of in�uenza viruses, especially if virologic data are considered. Whichever method is used, analysis of surveillance data
will provide information about seasonal thresholds and epidemic curves that may help health care personnel in the clinical management of
respiratory illness after the start of in�uenza season. Establishing a seasonal threshold for in�uenza helps health authorities to identify
suitable periods for annual vaccination campaigns and for health practitioners to administer in�uenza vaccines or prescribe in�uenza antiviral
drugs. Computerization of the in�uenza surveillance system improves timeliness and assessment of the intensity of the in�uenza epidemic
early in its course will guide policymakers in ensuring the appropriate allocation of resources to control seasonal epidemics.

Declarations
Acknowledgements

We would like to thank Dr. Amgad Elkholy and Dr Mohamed Elhakim from Infectious Hazard Management (IHM)/EMRO at World Health
Organization and Dr Henry Laurenson-Schafer for organizing training sessions on statistical methods for analyzing data provided by in�uenza
surveillance systems as well as Pr. Abderrahmane Maarou�, former Director of Epidemiology at the Ministry of Health of Morocco. A pilot
study to assess the historical surveillance data of in�uenza in Morocco and to compare the WHO method with MEM for 2015/2016 and
2016/2017 was published in the national bulletin of Epidemiology of the Ministry of Health, Morocco.

Authors’ contributions

AR and IC designed the study. IC performed data analysis, interpretation of results and drafted the manuscript. MMC helped with study design,
data analysis, interpretation of results, and drafting of the manuscript. AR and MY assisted with study implementation and provided oversight
of study personnel. HO, AB, FEF, ZR and HI assisted with access to and interpretation of laboratory testing results. ST and HE helped with data
collection and study design and implementation. CN read and approved the �nal manuscript. All authors have read and approved the
manuscript.

Funding

None.

Availability of data and materials

 Datasets were collected by each participating site including the National In�uenza Center and gathered on a pooled database at the Direction
of Epidemiology and Disease Control of the Ministry of Health of Morocco. Data cannot be publicly shared due to internal regulations of the
Ministry of Health of Morocco. The datasets analyzed during the current study could be available from the corresponding author on
reasonable request and with special authorization of the Ministry of Health of Morocco.

Ethics approval and consent to participate

The ILI sentinel surveillance system is a public health activity organized by the Ministry of Health of Morocco. Personally identi�able data is
excluded from this surveillance system; as a result, no request for authorization from the National Ethics Committees was required.  Indeed, 
the Royal Dahir N°1-15-110 dated August 4, 2015, promulgating the law N°28-13 relating to the protection of persons participating in
biomedical research,  provides for special provisions for non-interventional or observational researches  as stipulated in its articles 2 and 26.

Consent for publication

Not applicable.

The �ndings and conclusions in this report are those of the authors and do not necessarily represent the o�cial position of the US Centers for
Disease Control and Prevention.

Competing interests

The authors declare that they have no competing interests.

Abbreviations
ACIP: US Advisory Committee on Immunization Practices;  ARI: acute respiratory infection;

CI: con�dence interval;  ECDC: European Centre for Disease Prevention and Control;  FN: false negative;  FP: false positive;  ILI: in�uenza like
illness;  ILI%: proportion of ILI visits among all outpatient consultations;  MAP: maximum accumulated proportions percentage; MEM: moving



Page 8/15

epidemic method;  NIC: National In�uenza Center;  NPV: Negative predictive value;  PISA: Pandemic In�uenza Severity Assessment;  PPV:
positive predictive value; RSV: Respiratory Syncytial Virus;  SARI: severe acute respiratory infection;  SD: standard deviation;  TN: true negative;
 TP: true positive;  US CDC: US Centers for Disease Control and Prevention;  WHO: World Health Organization.

References
1. Iuliano AD et al. Estimates of global seasonal in�uenza-associated respiratory mortality: a modeling study. Lancet 2018; 391: 1285–1300.

2. World Health Organization. In�uenza (Seasonal) Fact sheet 6 November 2018. http://www.who.int/mediacentre/factsheets/fs211/en/.
Accessed 7 March 2020.http://www.who.int/mediacentre/factsheets/fs211/en/

3. Ezzine H, Cherkaoui I, Oumzil H, Mrabet M et al. (2018). Epidémiologie de la grippe et facteurs de risque d’Infection Respiratoire Aiguë
Sévère au Maroc, saisons 2016/2017 et 2017/2018. Bulletin d’Epidémiologie et de Santé Publique N°76, Juillet 2018 : 27-
33. https://www.sante.gov.ma/Publications/Pages/Bullten_%c3%89pid%c3%a9miologique.aspx. Accessed 7 March 2020.

4. Cox N. In�uenza seasonality: timing and formulation of vaccines. Bull World Health Organ. 2014;92(5) :311.

5. World Health Organization. Global epidemiological surveillance standards for
in�uenza.2014. https://www.who.int/in�uenza/resources/documents/WHO_Epidemiological_In�uenza_Surveillance_Standards_2014.pdf.
Accessed 7 May 2020.

�. Centers for Disease Control and Prevention. Overview of In�uenza Surveillance in the United States. October
2017. https://www.cdc.gov/�u/weekly/overview.htm. Accessed 7 May 2020.

7. Kuang J, Yang WZ, Zhou DL, Li ZJ, Lan YJ. Epidemic features affecting the performance of outbreak detection algorithms. BMC Public
Health 2012; 12: 418.

�. Alonso TV, Alonso JEL, de Lejarazu RO, Perez MG. Modelling in�uenza epidemic -can we detect the beginning and predict the intensity and
duration? Options Control In�uenza 2004; V 1263: 281-283.

9. Cooper DL, Verlander NQ, Elliot AJ, Joseph CA, Smith GE. Can syndromic thresholds provide early warning of national in�uenza
outbreaks? J Public Health 2009; 31: 17-25.

10. Cowling BJ, Wong IOL, Ho LM, Riley S, Leung GM. Methods for monitoring in�uenza surveillance data. Int J Epidemiol2006; 35: 1314-
1321.

11. Costagliola D, Flahault A, Galinec  D,  Garnerin  P,  Menares  J  et  A routine tool for detection and assessment of epidemics of in�uenza-
like syndromes in France. Am J Public Health1991; 81: 97-99.

12. Farrington CP, Andrews NJ, Beale AD, Catchpole MA. A statistical algorithm for the early detection of outbreaks of infectious disease.  J R
Stat Soc  A  Statist  Soc  1996 ;  159:  547-563. 

13. O’Brien SJ, Christie P. Do CuSums have a role in routine communicable disease surveillance? Public Health 1997; 111: 255-258.

14. Jansen AG, Sanders EA, Wallinga J, Groen EJ, van Loon AM, Hoes AW, Hak E. Rate-difference method proved satisfactory in estimating the
in�uenza burden in primary care visits. J Clin Epidemiol. 2008 Aug; 61(8):803-12.

15. Fitzner J et al. Revision of clinical case de�nitions: in�uenza-like illness and severe acute respiratory infection. Bull World Health Organ
2018; 96:122–128.

1�. Ministry of Health of Morocco: Ministerial circular N°54 dated on July 23, 2004 and having for object: “the epidemiologic surveillance for
clinical in�uenza from September 1, 2004”.

17. Ministry of Health of Morocco, Directorate of Epidemiology and Disease Control. Procedure manual of the in�uenza surveillance system in
Morocco, 2015. Internal document in French.

1�. Barakat A, Ihazmad H, Benkaroum S, Cherkaoui I, Benmamoun A, Youbi M, El Aouad R. In�uenza surveillance among outpatients and
inpatients in Morocco, 1996–2009. PLoS One 2011 ; Volume 6, Issue 9 :1-7.

19. Barakat A, Ihazmad H, El Falaki F, Tempia S, Cherkaoui I, and El Aouad R. 2009 Pandemic in�uenza A virus subtype H1N1 in Morocco,
2009–2010: epidemiology, transmissibility, and factors associated with fatal cases. JID2012 :206 (Suppl 1) : S94–100.

20. World Health Organization. Pandemic In�uenza Severity Assessment. May 2017.
http://apps.who.int/iris/bitstream/handle/10665/259392/WHO-WHE-IHM-GIP-2017.2-
eng.pdf;jsessionid=3189E863262FEF205C421D44707175B4?sequence=1. Accessed 7 May 2020.

21. Patterson-Lomba O et al. Utilizing Syndromic Surveillance Data for Estimating Levels of In�uenza Circulation. Am J Epidemiol 2014 ;
179(11) :1394–1401.

http://www.who.int/mediacentre/factsheets/fs211/en/
https://www.sante.gov.ma/Publications/Pages/Bullten_%c3%89pid%c3%a9miologique.aspx
https://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf
https://www.cdc.gov/flu/weekly/overview.htm
http://apps.who.int/iris/bitstream/handle/10665/259392/WHO-WHE-IHM-GIP-2017.2-eng.pdf;jsessionid=3189E863262FEF205C421D44707175B4?sequence=1


Page 9/15

22. Tay EL, Grant K, Kirk M, Mounts A, Kelly H. Exploring a proposed WHO method to determine thresholds for seasonal in�uenza surveillance.
PLoS One. 2013; 8(10):1-10.

23. Lucero et al. National In�uenza Surveillance in the Philippines from 2006 to 2012: seasonality and circulating strains. BMC Infectious
Diseases 2016; 16:762

24. Ly S et al. Establishing seasonal and alert in�uenza thresholds in Cambodia using the WHO method: implications for effective utilization
of in�uenza surveillance in the tropics and subtropics. WPSAR  2017; Vol 8, No 1:1-12.

25. Lozano JE and Vega T. The Moving Epidemic Method: The Web MEM application, technical manual
V10. https://drive.google.com/�le/d/0B0IUo_0NhTOoX29zc2p5RmlBUWc/view. Accessed 7 May 2020.

2�. Vega T, Carnahan AS, Lozano JE and Bergström J. The Moving Epidemic Method: Guidelines to monitor in�uenza and other respiratory
virus infections epidemics and pandemic. 2017.

27. The R Project for Statistical Computing. The R Foundation. R version 4.0.0; 2020. https://www.r-project.org/. Accessed 7 May 2020.

2�. RStudio Team. RStudio: Integrated Development for R. (RStudio, Inc., 2016). www.rstudio.com/products/rstudio/download/. Accessed 7
May 2020.

29. Vega T, Lozano JE, Meerhoff T et al. In�uenza surveillance in Europe: establishing epidemic thresholds by the moving epidemic method.
In�uenza Other Respir Viruses 2013 ; 7(4):546–558.

30. Vega T, Lozano JE, Meerhoff T et al. In�uenza surveillance in Europe: In�uenza surveillance in Europe: comparing intensity levels
calculated using the moving epidemic method. In�uenza Other Respir Viruses 2015 ; 9(5), 234–246.

31. Watts CG, Andrews RM, Druce JD, Kelly HA. Establishing thresholds for in�uenza surveillance in Victoria, Aust N Z J Public Health 2003;
27: 409-412.

32. European Centre for Disease Prevention and Control. Indicators of in�uenza activity. https://ecdc.europa.eu/en/seasonal-
in�uenza/surveillance-and-disease-data/facts-indicators. Accessed 7 May 2020.

33. Steiner SH, Grant K, Coory M and, Kelly HA. Detecting the start of an in�uenza outbreak using exponentially weighted moving average
charts. BMC Medical Informatics Decision Making 2010;10 (37) :1-8.

34. Azziz-Baumgartner E et al. (2012). Seasonality, Timing, and Climate Drivers of In�uenza Activity Worldwide. The Journal of Infectious
Diseases. 206 (6): 838-846.

35. Vette K, Bareja,C, Clarkc R and Lala A. Establishing thresholds and parameters for pandemic in�uenza severity assessment, Australia. Bull
World Health Organ 2018; 96:558–567

3�. Paget J, Marquet R, Meijer A and van der Velden K. In�uenza activity in Europe during eight seasons (1999-2007): an evaluation of the
indicators used to measure activity and an assessment of the timing, length and course of peak activity (spread) across Europe. BMC
Infect Dis. 2007;7(1):141.

37. Grohskopf LA, Alyanak E, Broder KR et al. Prevention and Control of Seasonal In�uenza with Vaccines: Recommendations of the Advisory
Committee on Immunization Practices - United States, 2019–20 In�uenza Season. MMWR Recomm Rep 2019;68:5-6.

3�. Opatowski L, Baguelin M, Eggo RM. In�uenza interaction with cocirculating pathogens and its impact on surveillance, pathogenesis, and
epidemic pro�le: A key role for mathematical modelling. PloS Pathog. 2018;14(2):1-28.

39. Zheng X, Song Z, Li Y, Zhang J, Wang X-L. Possible interference between seasonal epidemics of in�uenza and other respiratory viruses in
Hong Kong, 2014–2017. BMC Infect Dis. 2017;17:1-7.

40. Green HK, Charlett A, Moran-Gilad J, Fleming D, Durnall H, Thomas DR, et al. Harmonizing in�uenza primary-care surveillance in the United
Kingdom: piloting two methods to assess the timing and intensity of the seasonal epidemic across several general practice-based
surveillance schemes. Epidemiol Infect 2015;143:1–12.

41. Murray JLK, Marques DFP, Cameron RL, Potts A, Bishop J, von Wissmann B, et al. Moving epidemic method (MEM) applied to virology
data as a novel real time tool to predict peak in seasonal in�uenza healthcare utilization. The Scottish experience of the 2017/18 season
to date. Eurosurveillance. 2018; 23(11).

42. Rakocevic B, Grgurevic A, Trajkovic G, Mugosa B, Sipetic Grujicic S, Medenica S, et al. In�uenza surveillance: determining the epidemic
threshold for in�uenza by using the moving epidemic method in�uenza seasons. Eurosurveillance. 2019;24(12).

43. Torner N, Basile L, Martínez A et al. Assessment of two complementary in�uenza surveillance systems: sentinel primary care in�uenza-like
illness versus severe hospitalized laboratory-con�rmed in�uenza using the moving epidemic method. BMC Public Health. 2019; 19:1-10.

44. Abd El Gawad B, Vega T, El Houssinie M et al. Evaluating tools to de�ne in�uenza baseline and threshold values using surveillance data,
Egypt, season 2016/17. Journal of Infection and Public Health (2020):430-
437. https://www.sciencedirect.com/science/article/pii/S1876034119301728?via%3Dihub. Accessed 7 May 2020.

https://drive.google.com/file/d/0B0IUo_0NhTOoX29zc2p5RmlBUWc/view
https://www.r-project.org/
http://www.rstudio.com/products/rstudio/download/
https://ecdc.europa.eu/en/seasonal-influenza/surveillance-and-disease-data/facts-indicators
https://www.sciencedirect.com/science/article/pii/S1876034119301728?via%3Dihub


Page 10/15

45. Künzel W, Glathe H, Engelmann H and Hoecke CV. Kinetics and humoral antibody response to trivalent inactivated split in�uenza vaccine
in subjects previously vaccinated for the �rst time. Vaccine (1996); 14(12):1108-1110.

Tables

Table 1: Summary of WHO method and MEM concepts
Concepts WHO method (5, 20) MEM (20,26)

verage
pidemic
urve

Find 3-week moving average of ILI%. Find median
peak week for each season. Align the multiple
seasons on median peak week. Calculate the
average ILI% for each week. Indicates the usual
level of influenza activity that occurs during a
typical year.

MEM software produces an average curve,
lower interval, and higher interval.  

lert
reshold

Calculate the mean and standard deviation (SD) of
the average epidemic curve. For each week, the
alert threshold is 1.645 SD above the weekly ILI%
mean. ILI% >1.645 SD indicates high ILI activity or
outbreaks and may be used to characterize a severe
season.
 

 

lert curve A graph consisting of the alert thresholds for each
epidemic week.
 

 

easonal
reshold

WHO) or
re-epidemic
reshold

MEM)

Median weekly ILI% over all weeks (i.e., the
average epidemic curve is not used). Indicates the
level of influenza activity that signals the start and
end of the annual influenza season(s).

For prospective surveillance: upper limit of the
95% one-sided confidence interval of the
arithmetic mean of the 30 highest pre-
epidemic weekly ILI% values. Parameter value
which marks the start of the epidemic period.
 

ost-epidemic
reshold

MEM)

  For prospective surveillance: upper limit of the
95% one-sided confidence interval of the
arithmetic mean of the 30 highest post-
epidemic weekly ILI% values.
 

pidemic
eriod start

The third of three consecutive weeks with ILI%
above seasonal threshold. Indicates that influenza
activity occurs consistently.

For retrospective analysis of individual season
data: see “length of epidemic period”.
 

pidemic
eriod end

The third of three consecutive weeks with ILI%
below seasonal threshold

For retrospective analysis of individual season
data: see “length of epidemic period”.
 

ength of
pidemic
eriod

Weeks from epidemic start to end. For retrospective analysis of individual season
data: MEM software uses a “maximum
accumulated proportions percentage (MAP)”
algorithm to split the season into three
periods: a pre-epidemic, an epidemic, and a
post-epidemic period.
 

pidemic
ercentage

Proportion of total cases that occurred during the epidemic period
 

oderate
WHO) or
edium

MEM)
tensity

Upper 40% limit of 1-sided CI of mean of all peak
values.

Upper 40% limit of the one-sided confidence
interval of the geometric mean of the 30
highest epidemic weekly ILI% values.
 

igh intensity Upper 90% limit of 1-sided CI of mean of all peak
values.
 

Upper 90% limit of the one-sided confidence
interval of the geometric mean of the 30
highest epidemic weekly ILI% values.
 

xtraordinary
WHO) or
ery high
MEM)
tensity

Upper 97.5% limit of 1-sided CI of mean of all peak
values.
 

Upper 95% limit of the one-sided confidence
interval of the geometric mean of the 30
highest epidemic weekly ILI% values.
 

 
Table 2:  Model estimators using WHO and Moving Epidemics Method (MEM), 2005/2006 to 2016/2017 seasons, Morocco
(*). 
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Estimators used

 

 

Analysis method

 

WHO

 

MEM

 

MEM

 

Type of data used Weekly proportion of ILI
patients among all

outpatients

Weekly proportion of ILI
patients among all

outpatients

Estimated weekly proportion of
confirmed ILI patients

[1]
 among

all outpatients
 

Number of seasons

analyzed 

11

 

11

 

3

Average epidemic start

week
46

[2] 49

 

50

Average peak week of the

seasons

            43 to 46

3 3 3

Average epidemic length

(in weeks)

24 14

 

15

Epidemic percentage
[3] 38.06% 45.62%

 

95.41%

Seasonal (WHO) or pre-
epidemic threshold
(MEM)
 

0.90% 1.51% 0.03%

 

Intensity thresholds
 
 
 

Moderate/medium

threshold
[4]

 

2.13% 2.12%

 

0.59%

High threshold 

 

 

2.77% 2.81%

 

1.5%

Very high threshold

(extraordinary)

 

3.06% 3.19%

 

2.05%

(*)2009/2010 pandemic year excluded

[1]
Composite parameter defined as the product of the ILI proportion and the percentage positive.

[2]
Given the three-consecutive-week-declaration rule considered for the WHO method.

[3]
Percentage of the cumulative sum of values in the epidemic period of the seasons in the model.

[4]
Moderate threshold is used for WHO method and medium threshold for MEM.
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Table 3:  Indicators of the model performance to detect the beginning of an epidemic period (goodness of the Moving
Epidemic Method) (MEM) for detecting the epidemics Morocco. 
 

Used method
 

Estimators of goodness

MEM
 

MEM
 

Historical data 2005/2006
 to 

2016/2017

2014/2015
 to 

2016/2017

Type of data used Influenza Like Illnessproportion
(%ILI) Composite

[1]

Sensitivity 0.81
 

0.76

Specificity 0.92
 

0.95

Positive predictive value 0.71
 

0.80

Negative predictive value 0.95
 

0.93

Percent agreement 0.90
 

0.91

Matthews correlation coefficient 0.70
 

0.72

[1]
ILI% multiplied by percent of ILI with laboratory-confirmed influenza

Figures
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Figure 1

In the �nal step, moderate, high, and extraordinary intensity thresholds were estimated as described in the WHO Pandemic In�uenza Severity
Assessment manual (20)
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Figure 2

Using the app, we produced graphs of each season showing the pre-epidemic, epidemic and post-epidemic periods (Figure 2).
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Figure 3

In addition, as the assumption that ILI activity is re�ecting in�uenza virus circulation has limitations, we created a second seasonal threshold
with this methodology using the composite parameter recommended by WHO for three seasons of virologic ILI surveillance (Figure 3).


