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Abstract

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome 2 coronavirus (SARS-CoV-2) and 
is currently listed as a global public health emergency. Timely identification and protocol implementations for molecular de-
tection of this virus are vital for medical decision-making. Identification of SARS-CoV-2 infection cases is based on detection 
of the virus RNA by molecular tests, particularly real-time reverse transcription-polymerase chain reaction (RT-PCR). Technical 
and operational details specific to each center must be considered to perform the molecular diagnosis of SARS-CoV-2 in 
pediatric patients. The term “qualified laboratories” involves laboratories in which all users, analysts, and anyone reporting 
results are trained to develop and interpret results through a procedure implemented previously by an instructor. Such 
knowledge is essential in detecting and identifying errors during each of its phases: pre-analytical, analytical, and post-analyti-
cal, which allow the establishment of continuous improvement policies to ensure the quality of the results, but above all, the 
physical integrity of health workers.
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Recomendaciones analíticas para la identificación de SARS-CoV-2 por RT-PCR en 
pacientes pediátricos

Resumen

La enfermedad por coronavirus de 2019 (COVID-19), causada por el coronavirus del síndrome respiratorio agudo grave 2 
(SARS-CoV-2), está catalogada actualmente como una emergencia de salud pública mundial. La oportuna identificación y 
la implementación de protocolos para la detección molecular de este virus son de vital importancia para la toma de deci-
siones médicas. La identificación de los casos de infección por SARS-CoV-2 se basa en la detección de ARN del virus 
mediante pruebas moleculares, específicamente la reacción en cadena de la polimerasa de transcripción inversa (RT-PCR) 
en tiempo real. Existen detalles particulares de cada centro, tanto técnicos como operacionales, que deben considerarse 
para llevar a cabo el diagnóstico molecular de SARS-CoV-2 en pacientes pediátricos. El término «laboratorios calificados» 
se refiere a laboratorios en los cuales todos los usuarios, los analistas y cualquier persona que reporta resultados están 
capacitados para el desarrollo y la interpretación de estos a través de un procedimiento previo implementado por un ins-
tructor. Dichos conocimientos son indispensables para la detección y la identificación de errores durante el proceso en cada 
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Introduction

In December 2019, a series of atypical pneumonia 
cases occurred in Wuhan, Hubei province, China, cau-
sed by a new β-coronavirus named severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) by the 
International Committee on Taxonomy of Viruses 
(ICTV)1-3.

Coronaviruses are highly diverse RNA viruses of the 
Coronaviridae family divided into four genera: alpha, 
beta, gamma, and delta. They are widely distributed in 
humans and other mammals. These viruses cause 
different illnesses: from common flu in its less aggres-
sive form to pneumonia; in some cases, they cause 
severe acute respiratory syndrome (SARS) that requi-
res ventilatory or mechanical support, and in the most 
severe cases, they cause death2-5.

The World Health Organization (WHO) declared a 
global pandemic on March 11, 2020, as part of a global 
effort to coordinate the management of the impact cau-
sed by the SARS-CoV-2 virus. This pandemic has cau-
sed 462,684 confirmed cases (81,968 cases in China, 
including 11,977 severe cases) and 20,834 deaths 
(3293 deaths in China), figures up to March 26, 2020. 
Some studies have suggested that it could take more 
than a decade for the world to recover socially and 
economically2,3.

According to the WHO, the implementation of sys-
tems to diagnose cases, timely identification of suspec-
ted cases, collection and delivery of samples to 
reference laboratories, and the implementation of mole-
cular detection protocols for SARS-CoV-2, depending 
on the capacity of each laboratory, are among the 
priority strategies to be followed for pandemic manage-
ment. Therefore, the coordination and collaboration of 
the clinical laboratory to support diagnosis based on 
molecular tests is of significant importance for the 
timely care of patients and decision-making in the heal-
thcare sector2-5.

Clinical and epidemiological studies have shown that 
patients with COVID-19 present symptoms ranging from 
mild to severe, including fever, fatigue, severe pneumo-
nia, acute respiratory distress syndrome (ARDS), 
severe inflammatory response syndrome (SIRS), target 
organ damage, and multiple organ failure (MOF). 
According to different studies, SARS-CoV-2 infection is 

associated with significant morbidity and mortality ran-
ging from 4.3% to 15%, especially in patients with chro-
nic medical conditions. At least one in five cases 
requires intervention in intensive care units, which are 
limited in developing countries1-5.

Recently, some laboratory parameters useful to pre-
dict the course of the disease have been described: 
some clinical features include peripheral blood leuko-
cyte count (TCD4+ and TCD8+ cells) decrease, and the 
increase of proinflammatory cytokines in serum such 
as interleukin 6 (IL-6) and, interferon-gamma (IFN-γ). 
Moreover, acute-phase proteins (C-reactive protein, 
fibrinogen, ferritin) and cardiac biomarkers (troponin 
and BNP) quantification, the assessment of thrombosis 
risk, and liver and renal function evaluation tests are 
essential elements for the clinician to establish thera-
peutic and prophylactic measures when treating 
patients with COVID-195-7.

Several studies have reported that child infection 
represents from 1-5% of the total cases. This popula-
tion often shows milder symptoms than the adult popu-
lation, and deaths are extremely rare5-7.

This review aimed to provide information regarding 
the implementation of molecular tests to detect SARS-
CoV-2 in the Hospital Infantil de México Federico 
Gómez (HIMFG) clinical laboratory. These procedures 
are based on the molecular diagnostic protocols esta-
blished by the WHO “Laboratory testing for 2019 novel 
coronavirus (2019-nCoV) in suspected human cases.”

Molecular diagnosis of COVID-19

SARS-CoV-2 is a single-stranded RNA virus with a 
29,903 nucleotides genome, making it the second-lar-
gest known RNA genome. It consists of two untransla-
ted regions (UTR) at the 5’ and 3’ ends and 11 open 
reading frames (ORFs), which encode 27 proteins6-10.

SARS-CoV-2 confirmation is based on detecting its 
RNA by real-time reverse transcription-polymerase 
chain reaction (RT-PCR) assays. In general, SARS-
CoV-2 identification is carried out to detect three genes: 
N, E, and RdRp genes (when using the Berlin protocol). 
Both the E and N genes serve as screening genes to 
detect any β-coronavirus associated with bats, while 

una de sus fases: preanalítica, analítica y posanalítica. Además, permiten establecer políticas de mejora continua que ase-
guran la calidad de los resultados, pero sobre todo la integridad física de los trabajadores de la salud.

Palabras clave: COVID-19. SARS-CoV-2. RT-PCR.
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the RdRp gene is specific for SARS and SARS-like 
coronaviruses (including 2019-nCoV)10-18.

Tests for SARS-CoV-2 identification should be con-
sidered for those patients who meet the case definition. 
If possible, it is recommended to use the laboratory 
algorithm for influenza detection suggested by PAHO 
for influenza surveillance.

Additionally, sequencing platforms can be used for 
virus identification in laboratories with both Sanger and 
Next-Generation sequencing technology12-16.

Although serological methods based on the detection 
of IgM and IgG immunoglobulin antibodies exist in the 
market, they are not recommended, mainly because 
the dynamics between the response and production of 
antibodies during the infection are not entirely establi-
shed; also, cross-reactivity with other coronaviruses 
makes the interpretation of the results difficult. Molecular 
detection of SARS-CoV-2 by RT-PCR has higher spe-
cificity and sensitivity (95-97%, confidence interval (CI): 
83-97%); therefore, a positive result confirms the detec-
tion of the virus6-14.

The efficiency of RT-PCR in microbiology has been 
described in multiple diagnostic algorithms, and now it 
is widely used in diagnostic virology. As a first step, the 
reverse transcriptase enzyme is used to synthesize 
complementary DNA (cDNA) from RNA obtained from 
SARS-CoV-2 present in nasopharyngeal swab sam-
ples. Subsequently, the region of interest of the cDNA 
is amplified with the use of specific primers.

Early and timely detection of SARS-CoV-2 cases 
allows the implementation of isolation measures to 
reduce and delay the pandemic peak, allowing greater 
responsiveness for the healthcare sector. Molecular 
detection tests for SARS-CoV-2 are critical for diagno-
sing the disease, understanding its epidemiology, and 
managing the cases, leading to a decrease in 
infections8-10.

In our country, the Epidemiological Diagnostic and 
Reference Institute (InDRE, for its Spanish acronym) 
has developed a protocol for SARS-CoV-2 molecular 
identification, which has been transferred to the natio-
nal network of public health laboratories, national health 
institutes, and other institutions that generate informa-
tion for epidemiological surveillance.

It is essential to follow the general laboratory guide-
lines established by the InDRE and those documented 
in the Norma Oficial Mexicana (Mexican Official 
Standard) NOM-017-SSA2-2012 for epidemiological 
surveillance.

Currently, in our country, commercial tests must be 
subjected to an evaluation process by the InDRE for 

the accreditation of their analytical performance 
(Table 1). The complete list is available at the following 
link: https://www.gob.mx/cms/uploads/attachment/
file/561223/Listado_de_estuches_comerciales_utiles_
para_el_diagn_stico_de_SARS-CoV-2.pdf

Pre-analytical phase

The pre-analytical phase is considered the first stage 
of process development in the clinical laboratory. 
Deviations or omissions in this stage impact adequate 
performance, generating failures in the tests’ perfor-
mance or even affecting the quality of the results. In 
the case of SARS-CoV-2 detection, this phase is 
essential for identifying the virus, diagnosing the 
disease, and the care of healthcare personnel exposed 
to such processes.

It is crucial to be aware of biosafety measures during 
all stages of the analytical process considering all the 
risks involved in handling biological samples of infec-
tious diseases. The minimum essential personal pro-
tective equipment (PPE) is described in the Biosafety 
and Biosecurity Protocol issued by the InDRE to handle 
patients during sample collection. Further details can 
be found in the following link: https://www.gob.mx/
salud/documentos/lineamientos-vigentes-red-nacio-
nal-de-laboratorios-de-salud-publica?state=published) 
(Table 2).

During the development of molecular tests, errors to 
identify SARS-CoV-2 in the pre-analytical phase are 
similar to those in other diagnostic areas. An example 
is the type of specimen recommended for these tests; 
the primary specimen should come from the respiratory 
tract of the individual with suspected disease. 
Nasopharyngeal (NP) and oropharyngeal (OP) swabs 
should be collected and transported in the same tube 
containing viral transport medium or sterile saline. 
Primary samples should be kept refrigerated (4-8 °C) 
and processed within 24-72 h after sampling.

Both the process and the timing of sample collection 
are critical to the outcome. By the process, we mean 
the swabbing technique and the region where it will be 
performed, while the timing of sample collection refers 
to the time elapsed after exposure to the virus. The 
estimated incubation period of this new virus ranges 
from 2 to 14 days; however, incubation periods of 21, 
24, or 27 days have been observed in some cases. 
Therefore, sampling at the early stages of exposure 
may generate false negative or indeterminate results in 
most cases19-25.
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Kucirka et al. used a model to estimate the false-ne-
gative rate and found that sampling suspected indivi-
duals before the onset of symptoms show up to a 100% 
chance of a false-negative result. This value decreases 
with the time of symptoms onset. For example, on day 
1 of symptoms onset, the estimate reaches 67% (95%CI 
27-94%), and on day 4, the mean false negative rate is 
38% (95%CI 18-65%). This rate decreased to 20% 

(95%CI 12-30%) on day 8, and by day 21, the false-ne-
gative rate increased again26.

Therefore, the sampling moment should be conside-
red decisive since the incubation cycle of the virus and 
the manifestations of the disease are variable in each 
patient and may affect the interpretation of the results 
(Figure 1).

Another critical variable is the difficulty of sampling 
in newborns and infants due to the characteristics of 
the material used for sampling. Although small or 
low-caliber swabs are available for these patients, the 
sample collected is usually not representative. 
Therefore, the personnel in charge of sample collection 
must be trained in patient-management and sampling 
material. 

For upper respiratory tract sampling, including NP 
and OP swabs, the following recommendations should 
be considered:
1)	Synthetic fiber (flocked dacron or polyester) swabs, 

preferably with a flexible wire handle, should be used. 
As calcium alginate or wood-based swabs may con-
tain substances that affect some viruses’ viability and 
inhibit RT-PCR, their use is not recommended. 
Swabs should be immediately placed in sterile tubes 
containing viral transport medium (commercial or 
prepared in the laboratory; e.g., Hank’s salts, depen-
ding on the diagnostic protocol established or 
used)10-17. The swab should be cut at the height of 
the tube to facilitate handling the primary sample 
during the analytical phase.

2)	For NP sampling, it is recommended to insert a syn-
thetic fiber swab with a flexible wire handle through 
the nares parallel to the palate (not upward) until 
resistance is encountered or the distance is equiva-
lent to that from the patient’s ear to the nose, indica-
ting contact with the nasopharynx. The swab should 
reach a depth equal to the distance from the nostrils 
to the external ear. Once inside, it is essential to 
gently rub and rotate the swab for a moment (3 to 5 
seconds) to absorb the secretions. Then the removal 
should be done slowly with a gentle twist. Finally, a 
visual check should be made to ensure that the swab 
is moist with the mucosal sample10-17.

3)	In OP sampling, the swab should be inserted into the 
posterior pharyngeal and tonsillar areas, swabbing 
while the swab is rotated over the tonsillar pillars and 
posterior oropharynx, avoiding touching the tongue, 
teeth, and gums. As with NP sampling, it is important 
to visually verify that the swab is moist with the mu-
cosal sample10-17.

Table 2. Minimum essential personal protective 
equipment to handle patients during sample collection

Description of the personal protective 
equipment

Quantity needed 
for each sample 

collection

Disposable, single‑use, waterproof gown 
with reinforced sleeves and chest, length 
exceeding the height of the boots

2

Long‑sleeved nitrile gloves or as 
recommended by the WHO 280 mm  
(kit or pair)

2

Hair cover with elastic 2

Shoe covers (kit or pair) 2

Surgical gown (optional) 2

NIOSH N95 or N100 respirator  
or disposable surgical mask

2

3.5 cm wide microporous tape 1

Safety glasses, preferably with  
silicone seals

2

Rigid closed‑toe shoe (white rubber sanitary 
boot when available) (kit or pair)

2

Supplies for an incident 1

Product description 1

Autoclave sterilized paper roll 1

Red translucent plastic bag for 
biohazardous and infectious waste,  
200 caliber that fulfills 
NOM‑087‑SEMARNAT‑SSA1‑2002

1

Gel alcohol 60‑80% 1

Sodium hypochlorite solution 0.05% 1

Ethanol 70% solution 1

Triple packaging system Category B 1

Hermetic container for the transfer of 
packaged waste to the sterilization facility

1

*Taken from the Biosafety and Biosecurity Protocol issued by the Epidemiological 
Diagnostic and Reference Institute (InDRE).
NIOSH, National Institute for Occupational Safety and Health; PPE, personal 
protective equipment; WHO, World Health Organization.
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4)	It is necessary to be trained in obtaining samples 
such as sputum, saliva, NP aspirate, or nasal aspi-
rate, and have experience in the handling of vials, 
containers, and adapters to reduce the risk of conta-
mination, leakage, and generation of aerosols10-17. 

5)	Personnel must be trained in the fitting and removal 
of PPE, considering that all material and equipment 
are disposable (except for safety glasses) and must 
undergo a sterilization process before disposal.

6)	It is recommended to work in pairs, as this facilitates 
the handling of pediatric patients and manipulating 
the material.

7)	The site for outpatient sampling should be different 
from the site routinely used for blood and microbiolo-
gical sampling. Due to the pathogenic characteristics 
of SARS-CoV-2, an exclusive site for sample collec-
tion is essential, considering infrastructure, lighting, 
ventilation, biosafety equipment, contamination con-
trol equipment, and the identification of the bio-hazar-
dous waste-collection route.

8)	Samples must be transported with triple packaging spe-
cifications. A trackable control of the route, temperature, 
transport times, and the contacts during the whole pro-
cess must be recorded.

Analytical phase

For molecular biology tests, it is crucial to recognize 
two stages within the analytical phase. The first phase 
involves obtaining the genetic material, which will be 
the primary source of the process, while the second 
stage corresponds to the RT-PCR. Before implemen-
ting the tests, the following elements are required: the 
qualification of the facilities and the verification of the 
chosen analytical platform, in addition to a specific 
documented operating procedure.

When performing these analytical procedures, the 
PPE used should be the same as in the pre-analytical 
phase, and the analytical process should be performed 
in a biosafety level 2 (BSL-II) laboratory at least10-28.

As previously described, identification of SARS-
CoV-2 in the upper and lower respiratory tract is per-
formed by RNA amplification via real-time RT-PCR 
during the virus infection cycle that allows qualitative 
detection in vitro. Positive results indicate an active viral 
infection; however, bacterial infection or co-infections 
with other viruses are not excluded. Therefore, negative 
results should be combined with clinical observations, 
patient history, and epidemiological information to 
guide treatment and other medical decisions.

Figure 1. SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) infection clinical course concerning the 
reverse transcription-polymerase chain reaction (RT-PCR) test positivity.



178

Bol Med Hosp Infant Mex. 2021;78(3)

We suggest the following recommendations for hand-
ling the primary sample and obtaining viral RNA:
1)	The sample matrix’s handling, previously identified, 

should be carried out in a BSL-II laminar flow hood; 
cabinets should not be used in this procedure. All the 
material with direct contact with the sample should 
be kept inside the hood and should not be removed 
until it has been correctly decontaminated with UV 
light for at least one hour. In addition to the PPE pre-
viously described, double pair of gloves is recom-
mended during this procedure.

2)	Automated equipment is recommended to obtain viral 
RNA and reduce the analyst’s contact with the sam-
ple, thus decreasing contagion risk. Also, the con-
centration and purity of the viral RNA obtained should 
be registered.
The viral RNA obtained is not infectious; however, it 

should be kept refrigerated (4-8°C) before the RT-PCR 
test (which should be performed within 2-3 h after obtai-
ning the RNA) and separate from the reagents used for 
the test. Once used, this biological material can be 
stored at -80oC.

For RT-PCR performance, the PPE equipment should 
be new. It is crucial to consider the following 
recommendations:
1)	The reaction mixture’s preparation should be carried 

out in a different location from where the genetic 

material and the negative and positive controls will 
be added. The reaction mixture can be prepared ei-
ther in a cabinet or in a laminar flow hood.

2)	The reagents used in the reaction mixture should be 
stored separately from the genetic material used as 
positive and negative controls. The positive and ne-
gative controls are synthetic genetic material without 
infectious capacity and are designed and determined 
by the choice protocol. In our protocol, we use the 
ribonuclease p gene (RP gene) as an endogenous 
gene, while for the detection of SARS-CoV-2, we use 
the RdRP and E genes (Figure 2).

3)	It is preferable to make aliquots of the reagents, con-
sidering the number of samples processed routinely, 
to avoid the continuous freezing and thawing of rea-
gents and samples.

4)	Sanitization and decontamination of both work surfa-
ces and equipment (micropipettes, centrifuges, 
among others) should be performed before and after 
use. Among the agents that can be used for this pur-
pose are 10% bleach, 70% ethanol, and commercial 
RNA inhibitors to reduce contamination risk.
An essential part of the analytical process is diag-

nostic accuracy. In the tests for SARS-CoV-2 identifi-
cation, there are different methodological proposals or 
analytical designs. The most widely used at the inter-
national level are the following:

Figure 2. Detection of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) using the Berlin protocol in a 
positive case (amplification cycles of the three genes). E gene, envelope protein gene; RdRP gene, RNA-dependent 
RNA polymerase gene; RP, RNase P gene.
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1)	The protocol designed by the CDC and the protocol 
developed by the Institute of Virology of Berlin. Both 
have been compared in several publications, making 
evident the complexity of homogenizing the various 
protocols to have similar analytical precision. For this 
reason, the minimum operating conditions of each 
protocol should be evaluated15,16.

2)	Xie et al. described that 3% of patients with imaging 
evidence of COVID-19 (chest CT scan with COVID-19 
related damage, ground-glass imaging, or mixed 
ground-glass imaging with consolidation) initially 
showed a negative RT-PCR test result for  SARS-
CoV-2 identification. In this group of patients, test 
results were positive for COVID-19 after some days 
in the hospital17. 

3)	In another series of patients, Ai et al. reported that 
88% (888/1014 patients) showed chest CT scans with 
data of SARS-CoV-2 infection but only 59% (601/1014) 
with RT-PCR positivity, adding to the patients’ biolo-
gical variability18. Despite the assay or test variation, 
we should clearly understand our platform’s analytical 
performance based on the tools that each laboratory 
should consider within the internal quality control 
program.

Post-analytical phase

The recommendations during this phase are the 
following:
1)	Each gene’s amplification cycles in each sample 

should be considered concerning the amplification 
cycle of the positive and negative controls. If possi-
ble, generate cut-off points according to the popula-
tion evaluated.

2)	Good transcription of the results to the reporting sys-
tem and matching patient data (name, age, diagno-
sis, room, among others) must be verified. 
In the case of the graphs or the experiments perfor-

med to identify SARS-CoV-2, interpretation criteria 
should consider each gene’s characteristics and, if 
necessary, the presence, absence, or combinations that 
can be obtained. For example, the Berlin protocol seeks 
to identify three genes (a constitutive gene, a generic 
viral gene, and a specific viral gene) (Table 3).

Currently, no quantitative method can detect the 
number of virus copies in a sample; however, the num-
ber of amplification cycles of a specific gene detected 
in RT-PCR can provide information on the concentra-
tion of viral load (Table 4). It is important to be aware 
of some considerations to extrapolate these data: a) 
RNA concentration obtained during the extraction 

should be homogenized for all tests. Therefore, RNA 
should be quantified before the RT-PCR test and dilu-
tions should be performed if necessary; b) the gene 
used for this determination should always be the same; 
3) the interpretation will depend on the protocol imple-
mented, the equipment used for the determination, and 
the brand of reagents selected. 

In the case of interpretation errors, the final report 
delivered to the physician should be clear and concrete. 
In the case of positive results for COVID-19, unneces-
sary information (e.g., primers’ sequence, enzymes 
used, and other methodological details) should not be 
included in the reports.

Finally, laboratories from public and private institu-
tions that perform SARS-CoV-2 identification tests must 
generate a report of positive cases to the federal gover-
nment’s epidemiological surveillance network for the 

Table 3. Table of interpretation of reverse 
transcription‑polymerase chain reaction (RT‑PCR) results

E gene RdRp 
gene (discriminatory)

RNase P Results

+ + + Positive for 
SARS‑CoV‑2

+ ‑ + Probable 
Sarbecovirus

‑ ‑ + Negative for 
Sarbecovirus 
and SARS‑CoV‑2

‑ ‑ ‑ Not adequate 
assay

‑ + + Repeat/Send to 
InDRE for advice

InDRE (Spanish acronym), Epidemiological Diagnostic and Reference Institute; 
SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2.

Table 4. Relative estimation of viral load in positive 
results, using a specific gene (RdRp gene) of 
SARS‑CoV‑2 by reverse transcription‑polymerase chain 
reaction

Amplification cycle Relative estimate of viral load

< 20 Very high viral load

20‑25 Medium/high viral load

25‑30 Intermediate viral load

> 30 Very low viral load

SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2.
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follow-up of the pandemic in the country. Each health-
care center must report the results of the SARS-CoV-2 
tests to each country’s competent health authorities. In 
the HIMFG Laboratory, we generate weekly reports 
following the current strategies, and we are part of the 
epidemiological surveillance support laboratories.

Molecular detection of SARS-CoV-2 is critical for 
taking action against the pandemic. However, it is 
essential to perform these procedures using protocols 
that promote patients’ and healthcare personnel’s safety. 
In Mexico, the Official Standards (NOM, for its Spanish 
acronym) for the organization and operation of clinical 
laboratories (NOM-007-SSA3-2011) and for the mana-
gement of bio-hazardous waste (NOM-087-ECOL-
SSA1-2002), among others, allow the establishment of 
clinical diagnostic tests.

Considering the heterogeneity of detection protocols, 
we should promote inter-laboratory networks for the 
appropriate exchange of information and relevant 
actions, besides following the guidelines issued by the 
InDRE to strengthen the timely detection of SARS-
CoV-2 in Mexico. Furthermore, laboratories should con-
tinue to use the influenza laboratory algorithm 
recommended by PAHO and WHO for routine survei-
llance, considering that testing for COVID-19 should be 
performed only for patients who meet the case definition 
following epidemiological surveillance strategies.
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