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ABSTRACT
Background: As part of the framework of preparedness and response to influenza viruses with pandemic potential, the World 
Health Organization (WHO) has developed a protocol for the characterization of a series of first cases and contacts of an agent 
with pandemic potential (FFX). At the end of 2019, PAHO/WHO invited Colombia to be among the pilot countries for implement-
ing this protocol. It was conducted by the National Institute of Health of Colombia.
Methods: The WHO generic protocol was reviewed and adapted to Colombia. In its implementation, a series of 99 cases of 
COVID-19 and 360 total contacts (159 positive contacts) were evaluated between August 2020 and January 2021 in three mu-
nicipalities of Colombia. Surveys were conducted, along with RT-PCR and antibody titer tests. Sociodemographic, clinical, and 
virological transmission conditions were analyzed to calculate the main epidemiological indicators of viral transmission using 
measures of central tendency and absolute and relative frequencies.
Results: A total of 258 cases were confirmed to be positive for COVID-19 for a secondary attack rate of 43%. The most common 
symptoms were cough, fever, headache, and odynophagia. The percentage of symptomatic contacts, clinical attack rate, incuba-
tion period, and serial interval were 34%, 16.2%, 4.6 days, and 4.7 days, respectively.
Conclusions: The significant rate of infection and incubation periods among contacts was similar to those reported worldwide. 
The implementation of the WHO FFX protocol in a novel context allowed the country to test its capacity to implement global 
studies to determine early public health interventions. The study faced limitations due to the selection bias towards severe cases 
and challenges in case recruitment and contact tracing.
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1   |   Introduction

At the beginning of a pandemic, there are a lot of unknowns 
around the epidemiological, clinical, and virological charac-
teristics of the pathogen and its capacity to spread, mainly its 
human-to-human transmission capability and the presence of 
a population that is partially or totally susceptible to the virus.

Owing to the possible emergence of a new respiratory influ-
enza virus in the world, the Pandemic Influenza Preparedness 
Program (PIP) [1] was established in 2015 to share information 
between countries and improve surveillance and response ca-
pacity against pandemic risks. Colombia has been among the 
countries supported by the WHO PIP secretariat since 2017.

Among the tools designed to prepare for and respond to in-
fluenza viruses with pandemic potential, the World Health 
Organization (WHO) developed a protocol for the epidemiolog-
ical, clinical, and viral characterization of a series of first cases 
and contacts of an agent with pandemic potential [2–4] to sys-
tematically collect detailed epidemiological and clinical data 
and establish more precise and effective control measures early.

Colombia participated in the original influenza protocol under 
the PAHO/WHO initiative at the end of 2019 as part of the 
PIP activities. However, the implementation of the protocol 
coincided with the onset of recorded COVID-19 cases in the 
country, leading to its adaptation to cover both influenza and 
SARS-CoV-2. This adjustment was carried out by the National 
Institute of Health of Colombia during the second semester 
of 2020 and the first quarter of 2021 because of the current 
response to a pandemic and protocol execution. Technical and 
financial support from PAHO/WHO was conducted, and the 
pandemic provided an opportunity to evaluate the protocol in 
a real-world context, although its execution required signifi-
cant efforts in adaptation, training, logistical preparation, and 
human resources challenges. At the end of July 2020, a total 
of 286,020 COVID-19 cases had been confirmed in 38 territo-
rial entities (states). Thus, this project aimed to address exist-
ing knowledge gaps by determining the basic epidemiological 
characteristics of influenza and SARS-CoV-2 transmission, 
particularly in a setting where the early dynamics of the virus 
were not fully captured. Additionally, it sought to evaluate the 
protocol's performance in generating strategic data for pan-
demic response, enhancing ARI surveillance capabilities, and 
improving public health decision-making in future emerging 
infectious threats.

2   |   Methods

A prospective, descriptive, epidemiological study of a case se-
ries of people infected with SARS-CoV-2 and their contacts was 
conducted in four hospitals in Colombia in the departments of 
Tolima, Meta, and Cundinamarca that were selected based on 
the readiness of surveillance teams, viral circulation conditions, 
and geographical factors. The sampling followed a sequential, 
non-probabilistic approach, as typical in First Few X (FFX) in-
vestigations, which aim to capture early cases during an out-
break. Cases were included as they sought medical attention at 
selected hospitals, based on the case definition of the National 

Institute of Health of Colombia. This method, while suitable for 
early outbreak characterization, introduces potential selection 
biases. It may overrepresent moderate to severe cases, underesti-
mating asymptomatic or mild infections that did not seek care. 
Referral bias could arise from differences in hospital catchment 
areas, and the sequential nature of case inclusion may intro-
duce temporal variability in testing and clinical management. 
Additionally, household clustering may inflate secondary attack 
rate estimates. Despite these limitations, this approach enabled 
rapid real-time data collection, critical for guiding early public 
health interventions1 [5]. All confirmed cases were selected 
until 99 cases were identified from 4 hospitals in 3 departments 
of Colombia. Typically, an FFX investigation would include the 
first few confirmed cases in a country; however, this protocol 
began after the pandemic started between August 2020 and 
January 2021. It specifically began during the local community 
transmission phase of the COVID-19 pandemic and confine-
ment phase of the population to evaluate the protocol perfor-
mance in a pandemic situation through a pilot test.

The generic protocol developed by WHO was adapted to the ep-
idemiological context and to align with national public health 
guidelines and operational feasibility. Key adaptations included 
adjustments in language and terminology to reflect commonly 
used terms, simplification of demographic data collection for 
streamlined enrollment and analysis, alignment of case defi-
nitions with national health authorities, and modifications to 
time-related variables for accurate epidemiological calculations. 
Six forms were applied on day 1 and day 14, and a symptom 
diary was given over the phone to confirmed cases and their 
contacts for 14 days.

The information retrieved from this study was systematically 
collected according to the formats specified in the protocol; the 
results were consolidated, tabulated, and analyzed at a global 
level. This report documents a total of 99 cases and their 360 
contacts who were enrolled, evaluated, diagnosed, and mon-
itored as part of the pilot implementation of the “Protocol for 
the investigation of first cases and their direct contacts (FFX) 
of pandemic influenza A (HxNy) and novel coronavirus disease 
2019 (COVID-19).”

A descriptive analysis of the sociodemographic, clinical, and 
virological transmission conditions was performed using mea-
sures of central tendency (mean, median) and absolute and rela-
tive frequencies (%) to describe the sociodemographic conditions 
of the population, household characteristics, clinical conditions 
of cases and contacts, and the main epidemiological indicators 
of viral transmission: hospitalization rates, proportion of symp-
tomatic individuals, secondary clinical and infectious attack 
rate, incubation period, serial interval, generation time distri-
bution, case fatality rate, and effective reproductive number 
(R). Means and medians were calculated for continuous vari-
ables such as age, incubation period, and serial interval, while 
categorical variables such as sex, occupation, and presence of 
symptoms were summarized using frequency distributions and 
percentages to facilitate interpretation and comparison across 
subgroups. Nasopharyngeal swabs and blood samples were col-
lected on days 1 and 14 from symptom onset for laboratory di-
agnosis. Although additional sampling was not contemplated in 
the protocol, third and fourth samples were collected for some 
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patients due to operational decisions in the field. The following 
techniques were used to diagnose the cases:

•	 Influenza A virus and SARS-CoV-2: RT-PCR nucleic acid 
amplification-based technique was performed for influenza 
[6] and SARS-CoV-2 [7].

•	 IgG antibodies against SARS-CoV-2: ELISA technique was 
performed using the ID.VET SARS-CoV-2 N IgG indirect 
test (Innovative Diagnostics, France). The samples from the 
cases and contacts were processed to detect the presence of 
anti-SARS-CoV-2 N IgG antibodies [8].

•	 Total antibodies: The WANTAI SARS-CoV-2 Ab ELISA kit 
was used to detect the presence of total antibodies in the 
cases and contacts having negative IgG results in the first 
and second serum samples [9].

•	 Relative viral load: To determine the degree of association 
between viral load and the presence of anti-SARS-CoV-2 
IgG antibodies, the viral concentration index values were 
estimated based on the threshold cycles/number of cycles 
in which the presence of the virus (Cq) was detected using 
rRT-PCR. The retrieved results were grouped in ranges on a 
logarithmic scale [10].

To analyze the viral transmission conditions, the standard indi-
cators of the original protocol were calculated.

This study was conducted as part of an intensified epidemiolog-
ical surveillance program in Colombia (emergency response). 
Studies carried out within the framework of epidemiological 
surveillance (emergency response) do not require the approval 
of an Ethics Committee; however, the conditions of confidenti-
ality and ethical considerations for studies in humans defined 
in Colombian regulations were maintained (resolution 008430 
1993). Informed consent was obtained for the collection of infor-
mation and biological samples from all study participants.

3   |   Results

3.1   |   Study Participants

A total of 99 cases and 360 contacts were recruited for the 
study between September 2020 and January 2021. They 
were all living in Colombia, with all participants having a 
Colombian nationality, except for four contacts who had a 
Venezuelan nationality.

3.2   |   Sociodemographic Conditions

The minimum and maximum ages of the cases were 9 and 
92 years, respectively, with an average age of 41.3 years. The age 
of 72.8% of the cases was in the range of 25–54 years. The min-
imum and maximum ages of the contacts were 7 months and 
90 years, respectively, with an average age of 25 years. The age 
distribution of the contacts was homogeneous in the 5-year age 
groups, and the highest number of cases was observed in the 
group aged ≥ 65 years (35 contacts) (Figure 1).

Of the cases, 21 were health care workers (21.2%) and most of 
them were nursing assistants, of whom 10 reported occupational 
exposure. Nineteen contacts were health care workers (5.2%) 
and most of them were nurses (10 were family members and 9 
were co-workers of the primary case). Two contacts reported 
symptom onset before the onset of symptoms in the confirmed 
case (Table 1).

Regarding the risk of infection, five people reported attending a 
mass event, 24.2% of the cases (24) reported being in contact with 
a person having compatible symptoms, and 21.2% (21) reported 
being in contact with people having a positive COVID-19 status.

The households in some cases consisted of 2–5 people, had 2–4 
rooms, and had 1–2 people sharing each room (Table 2).

FIGURE 1    |    Age distribution of COVID-19 cases and contacts in Colombia between 2020 and 2021.
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3.3   |   Clinical Conditions

Ten COVID-19 cases required hospitalization, including three 
in intensive care and seven in general wards. Among them, 
two fatalities were recorded (CFR 20%); both deceased patients 
were male, aged 52 and 71 years, respectively, with a history of 
hypertension; one also had obesity as a comorbidity. The pri-
mary causes of death were septic shock and multiorgan failure. 

TABLE 1    |    Sociodemographic conditions of the series of cases and 
contacts with COVID-19 in Colombia between 2020 and 2021.

Characteristics

Cases
Total 

contacts

N = 99 N = 360

n % n %

Sex

Male 50 51 159 44.2

Female 49 49 201 55.8

Occupation

Professionals with 
university degree

23 22.2 31 8.6

Self-employed 15 15.2 52 14.4

Technician and assistant 14 14.1 15 4.2

Housewife 10 10.1 47 13.1

Unskilled worker 9 9.1 32 8.9

Unemployed/retired 7 7.1 40 11.1

Student 6 6.1 97 26.9

Office worker 4 4 8 2.2

Minor 0 0 26 7.2

Other 11 12 12 3.3

Health professionals

Nurse/nursing assistant 8 8.1 10 2.8

Doctor/emergency doctor 3 3 1 0.3

General services 2 2 0 0

X-ray technician 2 2 0 0

Administrative assistant 1 1 0 0

Medical coordinator 1 1 0 0

Economist 1 1 0 0

Dentist/oral hygienist 2 2 4 1.1

Occupational health 1 1 0 0

Bacteriologist/laboratory 
assistant

0 0 3 0.8

Ambulance driver 0 0 1 0.3

TABLE 2    |    Household characteristics of the series of cases and 
contacts with COVID-19 in Colombia between 2020 and 2021.

Characteristics

Cases

N = 99

n %

Household size/people

1 2 2

2 15 15.1

3 26 26.3

4 26 26.3

5 20 20.2

6 6 6.1

7 1 1

8 1 1

9 1 1

SD 1 1

Number of rooms in the household

1 1 1

2 18 18.2

3 42 42.4

4 32 32.3

5 4 4

6 1 1

SD 1 1

Number of people/rooms

1 25 25.2

2 66 66.7

3 5 5.1

4 2 2

SD 1 1

Age of the household members (years)

1–10 51 16.2

11–20 51 16.2

21–30 52 16.7

31–40 44 14.1

41–50 39 12.5

51–60 37 11.8

61–65 19 6.1

71–80 15 4.7

> 80 5 1.6
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Additionally, among COVID-19-positive contacts recorded, 
one died—a 66-year-old male—with a history of hypertension. 
According to the death certificate, his cause of death was respi-
ratory failure due to bilateral pneumonia.

The most frequent symptoms among the cases were cough, 
fever, and headache. The most frequent symptoms among the 
contacts were headache, sore throat, and cough, whereas the 
most frequent symptoms among the positive contacts were 
sore throat, fever, and headache (Figure  2). The main pre-
existing health condition in the cases and contacts was hyper-
tension (Table 3).

3.4   |   Laboratory Results

All cases included in this study had a positive SARS-CoV-2 
status as confirmed by rRT-PCR testing, and 8.1% (8 cases) re-
mained positive during follow-up.

Of the total number of contacts (n = 360), 44.2% tested pos-
itive for SARS-CoV-2 by rRT-PCR. Among those contacts 
who tested positive (n = 159), 92.5% (n = 147) were detected in 
the first respiratory sample taken, while the remaining 7.5% 
(n = 12) were identified in the second and third respiratory 
samples taken. Influenza A and B virus-positive samples were 
not detected in any cases or contacts who were included in 
this study.

Ninety-eight cases and 353 contacts were systematically sampled 
to assess seroconversion using IgG antibodies, given the necessity 
of calculating key epidemiological indicators and assessing the 
transmissibility of the virus. For individuals who tested negative 
for IgG in all collected samples, total antibodies were analyzed 
(Table 4). Among the 98 primary cases sampled, 66 demonstrated 

IgG seroconversion (67%), with 14 cases seroconverting in the first 
sample (M1) and the remaining 52 in the second sample (M2); 
the time between symptom onset and the first sample collection 
ranged from 1 to 17 days, with a median of 4 days.

Among the 353 sampled contacts, 112 individuals (31.7%) 
exhibited seroconversion for IgG, with 60 cases detected in 
the first measurement (M1) and 52 in the second (M2). An 
additional 15 contacts (4.2%) demonstrated seroconversion 
based on the presence of total antibodies, resulting in a cu-
mulative seroconversion rate of 35.9% (127/353). Of these 127 

FIGURE 2    |    Comparison of symptoms in COVID-19 cases, positive contacts, and contacts in Colombia between 2020 and 2021.

TABLE 3    |    Comorbidities of the series of cases and contacts with 
COVID-19 in Colombia between 2020 and 2021.

Comorbidities

Cases
Total 

contacts
Positive 
contacts

N = 99 N = 360 N = 159

n % n % n %

Hypertension 9 9.1 26 7.2 14 8.8

Diabetes mellitus 4 4 10 2.8 4 2.5

Obesity 3 3 6 1.7 3 1.9

Thyroid disease 3 3 5 1.4 2 1.3

Asthma 3 3 7 1.9 3 1.9

Heart disease 3 3 3 0.8 1 0.6

Migraine headaches 1 1 2 0.6 1 0.6

Arthritis 1 1 2 0.6 0 0

Lung disease 1 1 2 0.6 0 0

Other 2 2 5 1.5 3 1.9
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seropositive individuals, 72.4% (92) had previously tested pos-
itive by PCR, indicating ongoing viral replication, while 27.5% 
(35) had negative PCR results, suggesting either a resolved 
infection or an immune response following asymptomatic ex-
posure. Notably, among the 159 contacts confirmed by PCR, 
57.8% (92) exhibited seroconversion, with 80 testing positive 
for IgG (32 in M1, 48 in M2) and 12 for total antibodies. These 
findings highlight the variability in immune response timing 
and reinforce the importance of integrating molecular and 
serological diagnostics to refine our understanding of SARS-
CoV-2 transmission dynamics.

Regarding contacts with invalid, negative, or inconclusive PCR 
results (n = 201), 15% (32 contacts) displayed elevated IgG titers, 
with 28 cases detected in M1 and 4 in M2. Additionally, three 
contacts tested positive for total antibodies, leading to the iden-
tification of seven additional COVID-19 cases by seroconversion 
(four IgG-positive in M2 and three positives for total antibod-
ies). The IgG-positive cases in M1 under these same conditions 
(28/353) can be classified as seroprevalent cases (7.9%), suggest-
ing prior exposure rather than active infection.

When laboratory findings were analyzed in relation to symp-
tomatology, 97 out of 166 contacts confirmed by either PCR or 
seroconversion were asymptomatic (58.4%). This underscores 
the significant proportion of silent SARS-CoV-2 transmission 
within the studied population, emphasizing the critical role of 
serological surveillance in capturing the true burden of infec-
tion beyond symptomatic cases.

Patients with a high viral load had a higher proportion of sero-
conversion than those with a low relative viral load (Figure 3).

3.5   |   Epidemiological Indicators of Virus 
Transmission

The secondary clinical attack rate was 16.2%, whereas the sec-
ondary infection rate was 43%, with an effective reproductive 
number of 1.47 secondary cases produced by one primary case 
and a serial interval of 4.7 days (Table 5).

4   |   Discussion

This study was conducted in the early stages of the COVID-19 
pandemic, a crucial period for understanding the emergence 
and spread of new infectious diseases. The findings emphasize 
the importance of initiating such research promptly, particularly 
in challenging epidemiological contexts like Colombia. The im-
plementation of the WHO FFX protocol in this novel setting not 
only tested the country's capacity to execute global surveillance 
protocols but also proved essential for calculating key indicators 
of viral transmission. These indicators are critical for determin-
ing early public health interventions, enabling a more localized 
response to contain potential pandemics. The efforts invested in 
implementing this generic protocol are justified by its value in 
bridging information gaps, providing early, reliable, and com-
parable data that can inform global, regional, and country re-
sponses to emerging health threats.

TABLE 4    |    Samples processed for IgG anti-N_SARS-CoV-2 antibodies and total antibodies for the series of cases and contacts with COVID-19 in 
Colombia between 2020 and 2021.

Test Result

Cases Total contacts

M1 M2 M3 M1 M2 M3

IgG antibodies Inconclusive 2 0 2 1

Negative 82 25 1 288 184 7

Positive 14 62 7 62 94 5

Total 98 87 8 352* 279 12

Total antibodies Inconclusive 1 1 1

Negative 23 16 210 51

Positive 5 5 12 7

Total 29 22 223

FIGURE 3    |    Scatter plot displaying the seroconversion ratio as a 
function of viral load index (VLI) for the series of cases and contacts 
with COVID-19 in Colombia between 2020 and 2021. * The viral load 
index values are presented as the Log10 of the ratio of the concentra-
tions of viral RNA and human RNA of a constitutively expressed gene 
(RNaseP).
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The systematic review and meta-analysis of standardized 
Fist Few X cases and household transmission investigations 
for SARS-CoV-2 included data from 32 countries including 
Colombia, with 51% of them from 15 low- and middle-income 
countries. The data obtained from this study were incorporated 
into the systematic review, contributing to the overall analysis of 
transmission patterns and epidemiological characteristics in di-
verse settings. This information is essential to support evidence-
based pandemic preparedness and response efforts not only for 
COVID-19 but also for influenza and future novel respiratory 
viruses [11].

The epidemiological behavior of COVID-19 does not differ from 
that reported in previous studies in terms of presentation strati-
fied by age groups and clinical conditions; a similar distribution 
of cases was observed in both sexes, which contrasts with the 
series of the first 100 COVID-19 cases from Lusaka, the capital 
of Zambia, in which the cases were predominantly male [12]. 
Children were least affected in the first decade of life, which is 
consistent with one of the largest data series published by the 
Chinese Centre for Disease Control and Prevention [13].

The highest percentage of confirmed cases was observed in 
the 25–55 age group; the age of the contacts was evenly dis-
tributed with a slightly higher percentage in those aged 
≥  65 years, which contrasts with other studies that reported 
clear differences in the age range of the contacts [14]. These 
variations may be influenced by demographic differences, 
expositions, household structures, and social and working in-
teraction patterns in different settings. In some populations, 
older adults may have had higher exposure due to multigener-
ational living arrangements or caregiving roles, while in oth-
ers, younger individuals might have had more frequent social 
or occupational exposures. Additionally, differences in testing 
strategies, case detection, and healthcare-seeking behavior 
could also contribute to these discrepancies.

The highest percentage of people per household was in the range 
of 2–5 people and 1–2 people per room. These findings highlight 
the challenges of reducing transmission in the home environ-
ment, where residents cannot distance themselves from an in-
fectious individual. This is in line with previous studies [15, 16], 
which reported that intra-household dynamics are a risk factor 
for COVID-19 transmission. The exposure of cases in open areas 
or at mass events was low, which is in line with other studies 
that reported low percentages of transmission in open areas 
(below 10% or 1%) [17–19].

Hospitalizations occurred in a relatively low percentage of cases, 
and complications due to SARS-CoV-2 were even lower; these 
findings were comparable to those in previous series reported 
in the early stages of the pandemic [14, 20, 21]. Intensive care 
admission occurred in 30% of the hospitalized cases, which is 
like the UK series (22.7%) [9].

The most common symptoms in the cases were like those re-
ported in the literature [14, 21, 22]; fever, which was previously 
identified as one of the main tracer symptoms of infection 
[14, 23, 24] and had good sensitivity and specificity [7], was pres-
ent in our series at a lower percentage than that reported in the 
literature.

The overall secondary clinical attack rate was 16.2%. Among 
all contacts, 31.4% developed clinical symptoms; however, half 
of these symptomatic individuals did not have laboratory con-
firmation of infection. This suggests that some cases may have 
gone undetected due to diagnostic limitations, or that their 
symptoms were caused by other conditions unrelated to the in-
fection. This finding at the onset of new viral transmission is 
important for determining containment measures beyond diag-
nostic confirmation, a fact supported by our finding of a sero-
prevalence of 8%, which can be considered high for this early 
stage of the pandemic.

Moreover, 35.2% of the COVID-19-positive individuals con-
firmed by PCR, including both cases and contacts, were as-
ymptomatic. Notably, the proportion of asymptomatic contacts, 
confirmed either by PCR or seroconversion, was high (58.4%), 
aligning with findings reported in the literature. This does not 
imply the absence of infection with this virus, as evidenced 
by the 6.1% of the contacts (22/360) who were asymptomatic 
and had positive PCR tests and positive IgG antibodies in the 
first samples, suggesting that they may even correspond to 
co-primary cases. However, previous reports of symptoms 
in confirmed cases showed contrasting findings. In the study 
by Geteneh et al. [25], 85% of the patients were asymptomatic, 
whereas 18% of the patients were asymptomatic in a report from 
the quarantined Diamond Princess ship in Japan [26].

The time of appearance of IgG antibodies is not necessarily 
restricted to the commonly described period of 14 day [27], 
which may refer to the first appearance or another specific 
statistical point in the immune response; a group of individu-
als in the case series, who were positive for SARS-CoV-2, had 
detectable antibodies in the first collected sample, which may 
be explained either by early production of IgG antibodies or 
by the fact that the individual's first contact with the source 
of infection occurred long before the onset of symptoms. In 
addition, some laboratory results have shown that individuals 
with SARS-CoV-2 infection do not have detectable antibodies 
against SARS-CoV-2.

The presence of memory antibodies (IgG) is associated with dis-
ease severity. A study by Takeshita et al. [28] revealed a strong 
relationship between low Cq values reported by RT-PCR, indic-
ative of high viral load levels, and the antibody titer present in 
the studied individuals. These findings align with our results, 
where we analyzed the association between viral load and se-
roconversion (Figure 3). Specifically, we observed that patients 
with a high viral load had a greater proportion of seroconver-
sion than those with a low relative viral load. This reinforces 
the notion that the magnitude of the initial viral exposure may 
influence the humoral immune response, as also suggested by 
Takeshita et al. [28].

The most important pre-existing conditions were hypertension 
(prevalence, 24% in the Colombian population) [29] and diabe-
tes. Both these conditions are among the top 10 causes of death 
in Colombia among both sexes [30]. Hypertension is reported to 
be among the most important pre-existing health conditions of 
infected people [14, 23, 25]. Similarly, we reported that hyper-
tension outweighed the other predominant health conditions, 
such as diabetes, asthma, and obesity.



Influenza and Other Respiratory Viruses, 2026 9 of 11

The rate of secondary COVID-19 attack in our study was 43%, 
which is very similar to that reported in the study by Hsu et al. 
[31] who estimated that 44% of the household contacts were in-
fected with SARS-CoV2. PCR-RT of all close contacts, not just 
symptomatic contacts, provides the accurate rate of infectious 
attack, which was much higher than the clinical attack rate. In 
their contact tracing study, Kuba et al. [24] reported an attack 
rate of 12.1%, which included sampling of symptomatic house-
hold contacts only.

In a meta-analysis conducted to evaluate the viral incubation 
periods, the mean incubation period was estimated to be in the 
range of 5.6–6.7 days, with the 95th percentile being 12.5 days, 
and it showed variations with age and sex [32]; the mean incu-
bation period in the present study was 4.6 days with a median 
of 4 days, data that, although close to that of other studies, is 
smaller and perhaps more precise due to the rigor in monitoring 
the dates of exposure and onset of symptoms when this type of 
protocol is applied for the first few X cases.

The time interval between the onset of symptoms in primary 
and secondary cases (serial interval) was 4.7 days. Previous 
studies examining cohabitants and close contacts reported serial 
intervals of 3 [33], 3.8 [34], 5, and 6 [24] days after the onset of 
symptoms in the first case. Such findings suggest that infection 
occurs immediately after the onset of symptoms in the first case; 
thus, immediate isolation is necessary to prevent transmission 
between family members [24].

In this protocol type, the time interval between specimen col-
lection and reporting is a key factor for the early identification of 
contacts. Moreover, the diagnostic test result was the trigger for 
initiating follow-up; thus, it is important to obtain results within 
24 h for the accurate calculation of the generation times and evo-
lution of symptoms.

During the investigation period of cases and contacts, the trans-
mission of the influenza virus in Colombia and the Americas 
was limited or nonexistent. In this study, screening for influenza 
A and B was conducted in all cases and contacts; however, no 
positive samples were detected. The absence of influenza cases 
aligns with regional and global reports indicating a significant 
reduction in influenza transmission during the COVID-19 
pandemic. This decline has been attributed to the widespread 
implementation of non-pharmaceutical interventions, such as 
mask-wearing, social distancing, mobility restrictions, and sam-
ple strategies like the sentinel testing approach. The findings 
reinforce the notion that pandemic control measures not only 
impact the transmission of SARS-CoV-2 but can also influence 
the circulation of other respiratory viruses, including influ-
enza [35].

The implementation of the protocol for obtaining indicators 
requires technical and logistical efforts in many areas, which 
must be coordinated and simultaneous with those of the pub-
lic health response teams in the areas that routinely conduct 
initial epidemiological field investigations to identify and 
manage new cases having a potential pandemic event. Given 
that this study was conducted 4 months after the onset of the 
COVID-19 pandemic, the most important finding was know-
ing how to implement the FFX protocol as an initiative for 

global sero-epidemiological standardization to combat the 
emergence of new pathogens with pandemic potential. This 
was achieved because the study findings allowed us to obtain 
standardized data that were shared for the global analysis 
of the situation. Accordingly, it is recommended to evaluate 
and adjust the complex operational aspects in the implemen-
tation of the protocol to reduce the response time and data 
generation.

This study faced several limitations that likely affected the 
validity and generalizability of its findings. The dual respon-
sibilities of the surveillance personnel—managing both rou-
tine public health duties and the research protocol—placed a 
significant operational burden on field teams. This may have 
compromised the consistency of contact tracing, sample col-
lection, and follow-up procedures, potentially leading to in-
complete case detection and delayed diagnoses. Additionally, 
the 4-month delay in implementing the protocol meant that 
recruitment began during established community transmis-
sion, rather than during the initial outbreak phase. This may 
have introduced selection bias by overrepresenting symptom-
atic or severe cases while underestimating asymptomatic or 
mild infections, skewing secondary attack rate estimates. The 
limited training of field staff in standardized data collection, 
symptom classification, and sample handling likely contrib-
uted to inconsistencies in data quality across sites. These is-
sues may have affected the accuracy of key epidemiological 
indicators such as incubation period, serial interval, and in-
fection rates. While the study provided valuable insights into 
COVID-19 transmission dynamics in a real-world setting, 
these limitations should be considered when interpreting the 
results or applying them to broader contexts.

Based on the study's findings, several recommendations can 
be made to strengthen public health practice in the context of 
emerging infectious diseases. First, implementing protocols 
like FFX early in an outbreak is essential for capturing timely 
and representative data. Countries should integrate such proto-
cols into national preparedness plans and ensure pre-pandemic 
training of multidisciplinary field teams in protocol application, 
including standardized data collection, contact tracing, and bi-
ological sampling. Establishing rapid logistics and laboratory 
response systems is also critical to reduce delays in diagnosis 
and follow-up.

Moreover, the high proportion of asymptomatic infections and 
seroconversion among contacts highlights the importance of 
combining molecular and serological testing in surveillance 
strategies to better estimate the true extent of transmission, es-
pecially in resource-limited settings.

For future research, studies should aim to assess the perfor-
mance of adapted FFX protocols when implemented earlier in an 
epidemic curve, ideally during the introduction phase of a novel 
pathogen. Additionally, further investigation is needed into the 
factors influencing variability in immune response—such as 
viral load, host characteristics, and comorbidities—which could 
improve risk stratification and guide targeted interventions. 
Comparative analyses of FFX implementations across different 
countries and settings would also help refine global standards 
for early outbreak investigations.
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Endnotes

	1	The definitions are found in the Instructions for intensified public 
health surveillance of acute respiratory infection and the disease as-
sociated with the new coronavirus 2019 (COVID 19). Version 13 of 
31/12/2020 (INS, 2020). As the pandemic progressed, case definitions 
were adapted according to the event dynamics.

References

1. World Health Organization WHO, “Global Influenza Strategy 2019–
2030,” (2019), accessed on October 19, 2022, https://​www.​paho.​org/​es/​
docum​entos/​​estra​tegia​-​mundi​al-​contr​a-​gripe​-​2019-​2030.

2. World Health Organization WHO, “The First Few X Cases and 
Contacts (FFX) Investigation Protocol for Coronavirus Disease 2019 
(COVID 19),” Version 2. February 2020, accessed on July 25, 2020, 
https://​www.​who.​int/​docs/​defau​lt-​source/​coron​aviru​se/​covid​-​19-​
maste​r-​ffx-​proto​col-​v2-​sp-​web.​pdf.

3. I. Bergeri, H. C. Lewis, L. Subissi, et al., “Early Epidemiological Inves-
tigations: World Health Organization UNITY Protocols Provide a Stan-
dardized and Timely International Investigation Framework During 
the COVID-19 Pandemic,” Influenza and Other Respiratory Viruses 16 
(2022): 7–13, https://​doi.​org/​10.​1111/​irv.​12915​.

4. A. J. Marcato, J. E. Fielding, K. Crooks, et al., “The Ongoing Value of 
First Few X Studies for COVID-19 in the Western Pacific Region,” West-
ern Pacific Surveillance and Response Journal 13 (2022): 1–3.

5. National Institute of Health of Colombia, “Instructions for Inten-
sified Public Health Surveillance of Acute Respiratory Infection and 
the Disease Associated With the New Coronavirus 2019 (COVID 19) 
Versión 13 of 2020,” accessed January 7, 2021, https://​www.​salud​
capit​al.​gov.​co/​CTDLab/​Publi​cacio​nes/​2021/​Vigil​ancia_​inten​sific​
ada_​COVID​-​19.​pdf.

6. CDC, “Realtime RT-PCR Protocol for Detection and Characterization 
of Influenza,” (2009), Centers for Disease Control and Prevention, At-
lanta, EEUU, accessed June 30, 2021, https://​www.​who.​int/​csr/​resou​
rces/​publi​catio​ns/​swine​f lu/​CDCRe​altim​eRTPCR_​Swine​H1Ass​ay-​
2009_​20090​430.​pdf.

7. V. Corman, T. Bleicker, S. Brünink, et al., “Detection of 2019 Novel 
Coronavirus (2019-nCoV) by Real-Time RT-PCR,” Eurosurveillance 25, 
no. 3 (2020): 2000045, https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2020.​25.3.​
2000045.

8. M. M. Reyes, V. V. Rubio, and D. A. Velandia-Rodríguez, “Second-
ary Validation and Verification of the Performance of the Serological 
Test for the in Vitro Diagnosis of IgG Antibodies Against SARS-CoV-2 
(ELISA) “ID.VET SARS-CoV-2 N IgG Indirect” of “Innovative Diagnos-
tics” Francia,” National Institute of Health – Colombia. 2020, (2020), 
accessed September 22, 2022, https://​www.​ins.​gov.​co/​Bibli​oteca​Digit​
al/​Valid​acion​-​secun​daria​-​prueb​a-​antic​uerpo​s-​IDVET​-​SARS-​CoV-​2-​N-​
IgG-​indir​ect-​Innov​ative​-​Diagn​ostics.​pdf.

9. R. M. Mercado, et al., “Secondary Validation and Verification of the 
Performance of the Serological Test for the in Vitro Diagnosis of Total 
Antibodies Against SARS-CoV-2 (ELISA) "WANTAI SARS-CoV-2 AB 
ELISA Manufactured by Beijing Wantai Biological Pharmacy Enter-
prise Co., LTD. National Institute of Health – Colombia. 2020,” (2020), 
accessed September 22, 2022, https://​www.​ins.​gov.​co/​Bibli​oteca​Digit​
al/​Valid​acion​-​prueb​a-​serol​ogica​-​in-​vitro​-​contr​a-​SARS-​CoV-​2-​AB-​
ELISA​-​WANTAI.​pdf.

10. D. A. Velandia-Rodriguez, “The High Viral Concentration of SARS-
CoV-2 Detected in Respiratory Secretion Samples From Patients With 
COVID-19 Could Be Responsible for the High Dissemination of the 

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.70132
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.70132
https://www.paho.org/es/documentos/estrategia-mundial-contra-gripe-2019-2030
https://www.paho.org/es/documentos/estrategia-mundial-contra-gripe-2019-2030
https://www.who.int/docs/default-source/coronaviruse/covid-19-master-ffx-protocol-v2-sp-web.pdf
https://www.who.int/docs/default-source/coronaviruse/covid-19-master-ffx-protocol-v2-sp-web.pdf
https://doi.org/10.1111/irv.12915
https://www.saludcapital.gov.co/CTDLab/Publicaciones/2021/Vigilancia_intensificada_COVID-19.pdf
https://www.saludcapital.gov.co/CTDLab/Publicaciones/2021/Vigilancia_intensificada_COVID-19.pdf
https://www.saludcapital.gov.co/CTDLab/Publicaciones/2021/Vigilancia_intensificada_COVID-19.pdf
https://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
https://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
https://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://www.ins.gov.co/BibliotecaDigital/Validacion-secundaria-prueba-anticuerpos-IDVET-SARS-CoV-2-N-IgG-indirect-Innovative-Diagnostics.pdf
https://www.ins.gov.co/BibliotecaDigital/Validacion-secundaria-prueba-anticuerpos-IDVET-SARS-CoV-2-N-IgG-indirect-Innovative-Diagnostics.pdf
https://www.ins.gov.co/BibliotecaDigital/Validacion-secundaria-prueba-anticuerpos-IDVET-SARS-CoV-2-N-IgG-indirect-Innovative-Diagnostics.pdf
https://www.ins.gov.co/BibliotecaDigital/Validacion-prueba-serologica-in-vitro-contra-SARS-CoV-2-AB-ELISA-WANTAI.pdf
https://www.ins.gov.co/BibliotecaDigital/Validacion-prueba-serologica-in-vitro-contra-SARS-CoV-2-AB-ELISA-WANTAI.pdf
https://www.ins.gov.co/BibliotecaDigital/Validacion-prueba-serologica-in-vitro-contra-SARS-CoV-2-AB-ELISA-WANTAI.pdf


Influenza and Other Respiratory Viruses, 2026 11 of 11

Virus in Bogotá Colombia,” XII Meeting of Research in Infectious Dis-
eases (2020) Infectio 24(3) supplement 3. P 57

11. H. C. Lewis, A. J. Marcato, N. Meagher, et  al., “Transmission of 
SARS-CoV-2 in Standardised First Few X Cases and Household Trans-
mission Investigations: A Systematic Review and Meta-Analysis,” Influ-
enza and Other Respiratory Viruses 16 (2022): 803–819, https://​doi.​org/​
10.​1111/​irv.​13002​.

12. P. J. Chipimo, D. T. Barradas, N. Kayeyi, et al., “First 100 Persons 
With COVID-19 — Zambia, March 18–April 28, 2020,” MMWR. Mor-
bidity and Mortality Weekly Report 69 (2020): 1547–1548, https://​doi.​
org/​10.​15585/​​mmwr.​mm6942a5.

13. Z. Wu and J. M. McGoogan, “Characteristics of and Important 
Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in 
China: Summary of a Report of 72 314 Cases From the Chinese Cen-
ter for Disease Control and Prevention,” JAMA 323 (2020): 1239–1242, 
https://​doi.​org/​10.​1001/​jama.​2020.​2648.

14. N. L. Boddington, A. Charlett, S. Elgohari, et al., “Epidemiological 
and Clinical Characteristics of Early COVID-19 Cases, United Kingdom 
of Great Britain and Northern Ireland,” Bulletin of the World Health Or-
ganization 99 (2021): 178–189, https://​doi.​org/​10.​2471/​BLT.​20.​265603.

15. H. Lei, X. Xu, S. Xiao, X. Wu, and Y. Shu, “Household Transmis-
sion of COVID-19-A Systematic Review and Meta-Analysis,” Journal of 
Infection 81 (2020): 979–997, https://​doi.​org/​10.​1016/j.​jinf.​2020.​08.​033.

16. W. Li, B. Zhang, J. Lu, et al., “Characteristics of Household Trans-
mission of COVID-19,” Clinical Infectious Diseases 71 (2020): 1943–
1946, https://​doi.​org/​10.​1093/​cid/​ciaa450.

17. F. Y. Lan, C. F. Wei, Y. T. Hsu, D. C. Christiani, and S. N. Kales, 
“Work-Related COVID-19 Transmission in Six Asian Countries/Areas: 
A Follow-Up Study,” PLoS ONE 15 (2020): e0233588, https://​doi.​org/​10.​
1371/​journ​al.​pone.​0233588.

18. H. Nishiura, H. Oshitani, T. Kobayashi, et  al., “Closed Environ-
ments Facilitate Secondary Transmission of Coronavirus Disease 2019 
(COVID-19),” medRxiv, (2020), https://​doi.​org/​10.​1101/​2020.​02.​28.​
20029272.

19. Q. J. Leclerc, N. M. Fuller, L. E. Knight, CMMID COVID-19 Working 
Group, S. Funk, and G. M. Knight, “What Settings Have Been Linked to 
SARSCoV-2 Transmission Clusters?,” Wellcome Open Research 5 (2020): 
83, https://​doi.​org/​10.​12688/​​wellc​omeop​enres.​15889.​2.

20. D. Wang, B. Hu, C. Hu, et al., “Clinical Characteristics of 138 Hos-
pitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in 
Wuhan, China,” JAMA 323 (2020): 1061–1069, https://​doi.​org/​10.​1001/​
jama.​2020.​1585.

21. C. Huang, Y. Wang, X. Li, et al., “Clinical Features of Patients In-
fected With 2019 Novel Coronavirus in Wuhan, China,” Lancet 395 
(2020): 497–506, https://​doi.​org/​10.​1016/​S0140​-​6736(20)​30183​-​5.

22. S. Ma, J. Zhang, M. Zeng, et  al., “Epidemiological Parameters of 
Coronavirus Disease 2019: A Pooled Analysis of Publicly Reported In-
dividual Data of 1155 Cases From Seven Countries,” medrxiv, (2020), 
https://​doi.​org/​10.​1101/​2020.​03.​21.​20040329.

23. Y. Angulo-Bazán, G. Solis-Sánchez, F. Cardenas, A. Jorge, J. Acosta, 
and C. Cabezas, “Transmisión intra-hogar en personas infectadas 
por SARS-CoV-2 (LA COVID-19) en Lima, Perú,” Cadernos de Saúde 
Pública 37 (2021): e00238720.

24. Y. Kuba, A. Shingaki, A. Nidaira, et  al., “The Characteristics of 
Household Transmission During the COVID-19 Outbreak in Okinawa, 
Japan, From February to May 2020,” Japanese Journal of Infectious Dis-
eases 74 (2021): 579–583, https://​doi.​org/​10.​7883/​yoken.​JJID.​2020.​943.

25. A. Geteneh, B. Alemnew, S. Tadesse, and A. Girma, “Clinical Char-
acteristics of Patients Infected With SARS-CoV-2 in North Wollo Zone, 
North-East Ethiopia,” Pan African Medical Journal 38 (2021): 217, 
https://​doi.​org/​10.​11604/​​pamj.​2021.​38.​217.​27859​.

26. Ministry of Health, Government of Spain. Health Alerts and Emer-
gencies Coordination Center, “Scientific - Technical Information. Coro-
navirus Disease. 2019,” accessed September 01, 2021, https://​pnsd.​sanid​
ad.​gob.​es/​notic​iasEv​entos/​​actua​lidad/​​2020_​Coron​avirus/​pdf/​20200​
421_​INFOR​ME_​CIENT​IFICO_​SANID​AD_​COVID​-​19.​pdf.

27. T. Fox, J. Geppert, J. Dinnes, et al., “Antibody Tests for Identification 
of Current and Past Infection With SARS-CoV-2,” Cochrane Database 
of Systematic Reviews 2022, no. 11 (2022): CD013652, https://​doi.​org/​10.​
1002/​14651​858.​CD013​652.​pub2.

28. M. Takeshita, N. Nishina, S. Moriyama, et al., “Incomplete Humoral 
Response Including Neutralizing Antibodies in Asymptomatic to Mild 
LA COVID-19 Patients in Japan,” Virology 555 (2021): 35–43, https://​
doi.​org/​10.​1016/j.​virol.​2020.​12.​020.

29. M. S. Zurique-Sánchez, C. P. Zurique-Sánchez, P. A. Camacho-
López, M. Sánchez-Sanabria, and S. C. Hernández-Hernández, “Prev-
alence of Arterial Hypertension in Colombia. Systematic Review and 
Meta-Analysis,” Acta Médica Colombiana 44 (2019): 20–33, https://​doi.​
org/​10.​36104/​​amc.​2019.​1293.

30. National Administrative Department of Statistics of Colombia 
(DANE), “Vital Statistics -EEVV,” accessed July 29, 2021, https://​www.​
dane.​gov.​co/​files/​​inves​tigac​iones/​​pobla​cion/​pre_​estad​istic​asvit​ales_​
Itrim_​2020pr.​pdf.

31. C. Y. Hsu, J. T. Wang, K. C. Huang, A. C. Fan, Y. P. Yeh, and S. L. 
Chen, “Household Transmission but Without the Community-Acquired 
Outbreak of la COVID-19 in Taiwan,” Journal of the Formosan Medical 
Association 120 (2021): S38–S45, https://​doi.​org/​10.​1016/j.​jfma.​2021.​
04.​021.

32. J. A. Quesada, A. López-Pineda, V. F. Gil-Guillén, J. M. Arriero-
Marín, F. Gutiérrez, and C. Carratala-Munuera, “Incubation Period of 
COVID-19: A Systematic Review and Meta-Analysis,” Revista Clínica 
Española 221, no. 2 (2021): 109–117, https://​doi.​org/​10.​1016/j.​rce.​2020.​
08.​005.

33. F. de Laval, A. Grosset-Janin, F. Delon, et  al., “Lessons Learned 
From the Investigation of a LA COVID-19 Cluster in Creil, France: Ef-
fectiveness of Targeting Symptomatic Cases and Conducting Contact 
Tracing Around Them,” BMC Infectious Diseases 21 (2021): 457, https://​
doi.​org/​10.​1186/​s1287​9-​021-​06166​-​9.

34. J. M. Bellmunt, J. A. Caylà, and J. P. Millet, “Study of Contacts in 
Those Infected With SARS-CoV-2. The Fundamental Role of Primary 
Care and Public Health,” SEMERGEN 46 (2020): 55–64, https://​doi.​org/​
10.​1016/j.​semerg.​2020.​06.​001.

35. Pan American Health Organization (PAHO), “Influenza, SARS-
CoV-2, RSV, and Other Respiratory Viruses [Internet],” Washington, 
D.C.: PAHO; [Updated 2023; accessed March 21, 2025], https://​www.​
paho.​org/​es/​temas/​​influ​enza-​sars-​cov-​2-​vsr-​otros​-​virus​-​respi​ratorios.

https://doi.org/10.1111/irv.13002
https://doi.org/10.1111/irv.13002
https://doi.org/10.15585/mmwr.mm6942a5
https://doi.org/10.15585/mmwr.mm6942a5
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.2471/BLT.20.265603
https://doi.org/10.1016/j.jinf.2020.08.033
https://doi.org/10.1093/cid/ciaa450
https://doi.org/10.1371/journal.pone.0233588
https://doi.org/10.1371/journal.pone.0233588
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.12688/wellcomeopenres.15889.2
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1101/2020.03.21.20040329
https://doi.org/10.7883/yoken.JJID.2020.943
https://doi.org/10.11604/pamj.2021.38.217.27859
https://pnsd.sanidad.gob.es/noticiasEventos/actualidad/2020_Coronavirus/pdf/20200421_INFORME_CIENTIFICO_SANIDAD_COVID-19.pdf
https://pnsd.sanidad.gob.es/noticiasEventos/actualidad/2020_Coronavirus/pdf/20200421_INFORME_CIENTIFICO_SANIDAD_COVID-19.pdf
https://pnsd.sanidad.gob.es/noticiasEventos/actualidad/2020_Coronavirus/pdf/20200421_INFORME_CIENTIFICO_SANIDAD_COVID-19.pdf
https://doi.org/10.1002/14651858.CD013652.pub2
https://doi.org/10.1002/14651858.CD013652.pub2
https://doi.org/10.1016/j.virol.2020.12.020
https://doi.org/10.1016/j.virol.2020.12.020
https://doi.org/10.36104/amc.2019.1293
https://doi.org/10.36104/amc.2019.1293
https://www.dane.gov.co/files/investigaciones/poblacion/pre_estadisticasvitales_Itrim_2020pr.pdf
https://www.dane.gov.co/files/investigaciones/poblacion/pre_estadisticasvitales_Itrim_2020pr.pdf
https://www.dane.gov.co/files/investigaciones/poblacion/pre_estadisticasvitales_Itrim_2020pr.pdf
https://doi.org/10.1016/j.jfma.2021.04.021
https://doi.org/10.1016/j.jfma.2021.04.021
https://doi.org/10.1016/j.rce.2020.08.005
https://doi.org/10.1016/j.rce.2020.08.005
https://doi.org/10.1186/s12879-021-06166-9
https://doi.org/10.1186/s12879-021-06166-9
https://doi.org/10.1016/j.semerg.2020.06.001
https://doi.org/10.1016/j.semerg.2020.06.001
https://www.paho.org/es/temas/influenza-sars-cov-2-vsr-otros-virus-respiratorios
https://www.paho.org/es/temas/influenza-sars-cov-2-vsr-otros-virus-respiratorios

	Evaluating COVID-19 Transmission in a Series of Cases and Contacts in Three Municipalities of Colombia: Insights From the WHO First Few X Protocol, August 2020–January 2021
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	3   |   Results
	3.1   |   Study Participants
	3.2   |   Sociodemographic Conditions
	3.3   |   Clinical Conditions
	3.4   |   Laboratory Results
	3.5   |   Epidemiological Indicators of Virus Transmission

	4   |   Discussion
	Author Contributions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	Peer Review
	Endnotes
	References


