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Abstract

There is a great need for better estimates of the COVID-19 burden to guide decision making. This includes the local level of 
general practitioner (GP) practice, which plays a vital role in all epidemiological research; the recognition of cases and their 
notification depends on the GP. There is a whole set of different ways to approach the knowledge of the epidemiological data 
of morbidity of COVID-19 in the community, some of which are of interest to the GP, such as:
• Official case data, number of new infections and positivity rates;
• Hospital admissions, admissions to intensive care units, and deaths;
• Epidemiological mathematical modelling studies;
• Serological test/seroprevalence;
• Prevalence of asymptomatic disease;
• Assessment of the number of secondary cases of an index case and the basic reproductive number;
• Incidence rate of acute respiratory infections;
• Syndromic surveillance tools and mobile phone tracking of symptoms and personal health trackers; and
• Cohort studies.
A single figure cannot provide a complete picture of the status of a pandemic. Conclusions about epidemiological surveillance 
for COVID-19 using only one type of data are likely to result in poor performance models and inaccurate forecasts. Estimates 
at the national level can hide local heterogeneity and seasonal differences. Furthermore, data delays, probabilistic effects, 
superspreading, and infections caused by asymptomatic patients create biases in the data. Consequently, it is required several 
alternative options, to combine disparate sources of data or lines of evidence at the general and local level, to evaluate the 
real incidence, and performance of infection control strategies at the level of the GP office. Each epidemiological surveillance 
strategy has deficiencies and weaknesses; it has holes like Swiss cheese. A hole in one layer of knowledge is not necessarily a 
disaster if there are many other layers to fall back on. This model underscores the importance of the general medical system 
that can adapt to changing situations.
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Abbreviations: GP: General Practitioner; SARS-Cov-2: 
Severe Acute Respiratory Syndrome Coronavirus 2; 
PCR: Polymerase Chain Reaction; ARI: Acute Respiratory 
Infections.

Introduction

COVID-19 pandemic, triggered by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), is the 
most serious global health crisis humanity has faced since the 
global flu epidemic of 1918. There is a great unmet need for 
better estimates of the burden of COVID-19 in communities, 
including the local level of general practitioner (GP) practice 
to guide decision-making [1]. The exponentially growing 
number of infections by SARS-CoV-2 has led to an urgent 
need to expand public health activities to elucidate the 
epidemiology of the new virus and characterize its potential 
impact. However, the speed at which the pandemic is 
developing poses an unprecedented challenge for collecting 
exposure data to characterize the full breadth of severity of 
the disease.

From the epidemiological point of view, when making 
decisions about immediate control measures, should be taken 
into account the mortality associated with the epidemic, the 
importance for public health, the size of the epidemic, and 
the characteristics of the pathogen involved. In the COVID-19 
pandemic, many urgent questions persist both of a clinical 
and epidemiological nature. The answers to these questions 
affect public health planning and clinical management: How 
is it distributed according to age, sex, race, Ethnicity and 
underlying health status? Who is most at risk or likely to 
suffer the most severe sequelae? How quickly will it spread? 
How many hospital beds and ventilators will be needed? 
When can the blockades be lifted? Are we in a second wave 
of the virus? Will it be worse than the first wave? [2-5].

Classically, the GP plays a vital role in all epidemiological 
research; the recognition of cases and their notification 
depends on the GP. Currently, a confirmed case of COVID-19 
requires a positive reverse transcription polymerase chain 
reaction (PCR) test for SARS-CoV-2, based on a pharyngeal 
or nasopharyngeal swab. WHO is urging governments to 
conduct more tests for COVID-19. Lack of data on how many 
people have the disease could undermine containment and 
mitigation efforts in many countries [6-8].

Most COVID-19 burden projections have been based 
on incidence calculated from CRP tests, hospitalizations, 
and deaths. However, such estimates are severely limited 
[9]. These data is not collected uniformly at the national 
level, there are substantial delays in reporting and data 
aggregation, and there are stark discrepancies in how cases 
and deaths are counted. Furthermore, despite advances 

in diagnosis, the availability of tests for infection remains 
limited. Moreover, hospitalizations and death rates largely 
capture the most severe cases of COVID-19. However, the 
importance of identifying asymptomatic people or with 
minimal symptoms who may not seek medical attention, or 
who are cared for at the GP level, is highlighted, since they 
can represent a significant proportion of community spread 
[10].

Lacking many diagnostic test results from the first major 
outbreak, researchers have had to look to other sources 
for clues about what happened in the early days of the 
pandemic and to aid future decision making. So, there is a 
whole set of different ways to approach the knowledge of 
the epidemiological data of morbidity of COVID-19 in the 
community [11], some of which are of interest to the GP.

For most illnesses the GP is the first point of contact 
in the health care system. He/she looks after a population 
whose age and sex composition is known. The GP play a key 
role in controlling outbreaks of the COVID-19 pandemic: 
detecting suspected cases as early as possible and conducting 
tests to confirm new infections so that transmission chains 
can be shortened (realization of PCR, contact tracing). But 
also, GP must be prepared to attend to the patients of the 
outbreaks and needs to have epidemiological information 
at the local and general level and disaggregated by the main 
variables of influence on COVID-19. The GP has to plan its 
work based on these data: the maintenance of the telecare 
in the consultations, use of Personal Protective and Safety 
Equipment’s, etc., until the existence and availability of 
vaccines, in addition to maintaining care for new health 
problems and continued care for chronic non-COVID-19 
problems. In this scenario, this article, which is a personal 
view, based on an unsystematic or opportunistic search 
for information and the author’s experience is intended 
to underline the strategies to learn, at the GP level, the 
epidemiology of COVID-19.

Methods

For the literature review, a pragmatic approach was 
used that was based on a non-systematic or opportunistic 
narrative review considered the bibliographic references of 
selected articles and opportunistic searches on the Internet, 
since January 2020, in English and Spanish.

Discussion

The investigation of an epidemic requires the search of 
epidemiological, clinical and laboratory data. If the study of 
an epidemic is conducted properly, modes of transmission 
will be identified that can be used to modify practice or the 
development of infection control strategies [4]. Incidence 

https://medwinpublishers.com/EIJ/


Epidemiology International Journal
3

Turabian JL. Epidemiological Surveillance Strategies for Covid-19 of Interest to the General 
Practitioner: The "Swiss Cheese Model". Epidemol Int J 2021, 5(S1): 000S1-012.

Copyright© Turabian JL.

and Prevalence are two ways of expressing the morbidity 
rate. The Incidence rate can be useful to intuitively measure 
the weight of a disease outbreak and can be used to monitor 
the effects of preventive interventions [12,13].

In the months of February-May 2020, around half of the 
world’s population was under regimes of almost total social 
isolation to prevent the spread of SARS-CoV-2. So, the peak 
of infections and deaths caused by the first outbreak was 
exceeded. But, the uncertainty about the evolution of the 
virus is very high. And the current scenario in many western 
countries is of a re-outbreak or second wave of the epidemic 
once the first peak has been overcome [14-16].

The reasonable public policy objective for COVID-19 is 
to maximize the degree of knowledge, to know what is not 
known, and to decide based on both [17]. COVID-19 cases 
tend to be in clusters which arrive in waves, and develop 
into larger outbreaks all over the world. There are evidence 
suggest that transmission mode is human to human. The 
major route of transmission of COVID-19 is droplet and close 
contact. The mean incubation period is about 5 days, ranging 
from 1 to 14 days and 95% of patients are likely to experience 
symptoms within 12-13 days of contact. These data suggest 
a 14-day medical observation period or quarantine for 

exposed and close contact persons. However, asymptomatic 
carrier has been reported and the incubation period can be 
19 days, suggesting the complicated challenge to contain 
the outbreak. On the basis of clinical data of patients in the 
COVID-19 early outbreak, the mean The basic reproductive 
number (R0) was ranging from 2.20 to 3.58, meaning that 
each patient can be spreading infection to two or three other 
people [18,19].

There are different ways to approach the knowledge 
of the morbidity data of COVID-19 in the community, each 
of them with strengths and weaknesses. Among them we 
can mention: obviously the official statistics of records of 
new infected cases and positivity rate, hospital admissions, 
admissions to intensive care units, and deaths, seroprevalence 
surveys, epidemiological mathematical modeling studies, the 
basic reproductive number, the use of proximate indicators 
(such as the incidence rate of acute respiratory infections or 
influenza), clinic and contact data collected from cell phones, 
data on mobility of people, information on crematoria, 
analysis of biological samples collected in hospitals, study of 
sewage, etc [11]. Some of these strategies may be of interest 
to the GP for the purpose of their usefulness for decision-
making at the local level, in the practice of general medicine 
and at the community level (Table 1).

Epidemiological Surveillance Strategies 
1 Official case data. Number of new infections. Positivity rates 
2 Hospital admissions, admissions to intensive care units, and deaths
3 Epidemiological mathematical modeling studies 
4 Serological test-Seroprevalence 
5 Prevalence of asymptomatic disease 
6 Assessment of the number of secondary cases of an index case. The basic reproductive number 
7 Incidence rate of acute respiratory infections 
8 Syndromic surveillance tools and mobile phone tracking of symptoms and personal health trackers 
9 Cohort studies 

Table 1: Covid-19 Epidemiological Surveillance Strategies of Interest To The General Practitioner For Decision-Making At The 
Local Level.

Official New Cases of Infections Data; Positivity 
Rates

All countries are struggling to increase testing. One 
reason for the limited number of tests is that PCR requires 
trained personnel, specific chemical supplies, and expensive 
instruments that take hours to provide results and are often 
available only in laboratories that provide routine centralized 
services [20]. Research groups around the world are now 
devising tests that go beyond PCR [20].

Tests for the COVID-19 are divided into two broad 
categories: those that detect genetic material of the virus 
or the molecules on its surface, which are used to diagnose 
whether a person has an active infection, and those that 
detect the presence of antibodies, revealing whether 
someone has been infected and has developed an immune 
response to the virus. Because people with SARS-CoV-2 are 
most infectious at the onset of symptoms, testing of viral 
material is crucial in identifying who should be isolated. Of 
course, it is suspected that the official data on those infected 
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is low; it is also known that some SARS-CoV-2 infections are 
asymptomatic. All of this means that confirmed case counts 
are low, but we don’t know exactly how low; perhaps, one 
could speak of “minimal incidence” [21]. Unfortunately, it 
is not easy to know the quality of data during public health 
emergencies of international concern such as the COVID-19 
pandemic [22,23].

The figures of new cases with positive tests in people 
with symptoms who come to the health services can be 
known, but sometimes the total number of tests carried out 
is not known. The test is our window to the pandemic and 
how it is spreading. Without evidence we have no way of 
understanding the pandemic. The tests allow us to identify 
infected people, guiding the medical treatment they receive. 
It allows the isolation of the infected and the tracking and 
quarantine of their contacts. And it can help allocate medical 
and staff resources more efficiently. At the GP level, it is 
interesting to know the local positivity rates collected in 
the GP practice itself. The “positivity rate” is the percentage 
of tests that are positive. A high percentage (“warning 
flag”>10%) usually reveals that the tests are not widespread 
enough and / or there is a massive outbreak of COVID-19 
[24].

Rapid antigenic tests, which detect specific SARS-
CoV-2 proteins in less than 30 minutes and do not require 
instruments and highly trained personnel, may be an option 
to identify and isolate infected people early and slow the 
spread of the pandemic in the region, especially in remote 
areas and vulnerable communities [25]. Regarding the 
Innova SARS-CoV-2 rapid qualitative antigen test, which has 
been used in the Liverpool mass tests to detect infections, a 
report reviewed 8774 tests and found an overall sensitivity of 
76.8%, but increased to more than 95% in people with high 
viral loads. The overall specificity of the test was reported as 
99.68%, which means a false positive rate of 0.32% (22/6967 
tests). Thus it has been proposed that these tests could offer 
some use in terms of community policing. Although it will 
not detect as many infected individuals as the PCR test, it 
will identify those with the highest viral loads, and it is those 
people who are most likely to infect others. It will not replace 
other tests such as PCR, but it is a useful additional tool for 
coronavirus control [26].

Hospital Admissions, Admissions to Intensive 
Care Units, and Deaths

Patients in whom the disease is complicated generally 
require admission to hospital. In the most serious cases, said 
admission must be made in an Intensive Care Unit (ICU), 
to the point that the health authorities are determining 
the severity of the pandemic in the territories of their 
competence based on the ICU occupancy rate. Approximately 

80% of cases present mild or moderate forms, 15% require 
hospital admission and 5% intensive care. The case fatality 
rate (CFR) of COVID-19 is the number of confirmed deaths 
due to COVID-19 divided by the total number of confirmed 
cases of infections with the coronavirus SARS-CoV-2. CFR 
should not be confused with the mortality rate or death 
rate which is simply the total number of deaths that occur 
during a specific time frame divided by the number of the 
total population at approximately the same time. Currently, 
the GP will be more interested in the CFR because he/she 
could want to know how many of diagnosed cases will result 
in the death of the patients. The CFR, as of October 27, 2020, 
is approximately 2.7%. But, based on information from 
seroprevalence studies, it appears that the fatality rate of 
infection is much lower, approximately 0.15-0.2%. The CFR 
at a general level, based on official data, does not represent 
the true mortality rate since mild asymptomatic or with few 
symptoms may not be counted, nor unreported cases- for 
example, deaths of people in nursing homes- ni los muertos 
extrahospitalarios, undiagnosed, as they have not previously 
had a PCR test. On the contrary, data at the local level based 
on GP practice can be more accurate and reliable [27-30].

Epidemiological Mathematical Modelling 
Studies

Epidemiological models seek to describe the behavior 
of a disease in a population through mathematical equations 
or other abstraction elements, and serve as tools to make 
decisions that allow evaluating and defining the best control 
strategy to limit the economic or health impact generated by a 
disease, or as an analytical instrument that allows improving 
the perception of the dynamics that diseases present [31,32].

Within the most used epidemiological mathematical 
models, there are several differences that allow them to be 
classified into three types [33-35]:
•	 Compartmental models: they are usually deterministic 

models in which the individuals belonging to a 
compartment of the model are considered as a set, 
instead of being considered individually.

•	 Focused on individuals: they are usually stochastic 
models in which the behavior of each individual is 
studied. They can be used in populations of any size and 
are usually studied using numerical simulations.

•	 Hybrids: are those that combine a deterministic part 
with another stochastic part

COVID-19 modelling studies can also be analyzed 
according to their general approach as forecasting models or 
mechanistic models. Although there are hybrid approaches, 
these two types of models tend to address different questions 
on different time scales, and they address uncertainty 
differently. Forecasting models are often statistical in nature, 
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fitting a line or curve to the data and extrapolating from there, 
such as looking at a pattern in a sequence of numbers and 
guessing the next number, without incorporating the process 
that produces the pattern. Well-constructed statistical 
frameworks can be used for short-term forecasting, using 
machine learning or regression, for example, to analyze 
epidemiological data from the past or a different location 
and to project SARS-CoV-2 cases into the future. These 
models produce quantitative projections that policymakers 
may need in the short term to allocate resources or plan 
interventions. Mechanistic models, such as the “Susceptible-
Exposed-Infectious-Recovered”, mimic the way SARS-CoV-2 
spreads and unlike purely statistical models, mechanistic 
approaches include important non-linear feedback: the more 
people are infect, the faster the disease spreads. However, 
the accuracy of the model is limited by our knowledge of the 
virus. Since purely statistical approaches do not explain how 
transmission occurs, they are generally not suitable for long-
term predictions about epidemiological dynamics (when 
the spike will occur and whether resurgence will occur) 
or for inferring the efficacy of the intervention. Therefore, 
forecasting models limit their projections to a week or a few 
weeks later [36].

Serological Test-Seroprevalence

The importance of antibody testing lies in providing 
information to help track the spread of the virus at the 
community level, and assess the impact of public health 
efforts. Knowing how widespread the infection has been in 
a population could guide research and possibly public health 
decisions [37]. Immunological studies could give us an 
idea of the true infection rates in the community. However, 
these studies sometimes use convenience samples; Due to 
sampling bias and doubts about the precision of the test, these 
studies produce very different and almost uninterpretable 
results [5,9,38]. On the other hand, the use of serology tests 
for population surveys in low prevalence settings is not 
recommended, as this approach will likely generate more 
false positives than true positives, even if a test with high 
specificity is used. For example, if the prevalence of infection 
is 1% in the general population, a test with a specificity of 
98% will identify two false positive results for each true 
positive result.

These results could lead to a false sense of security 
regarding the degree of immunity in the population 
and premature relief of public health measures based 
on misleading disease estimates. Furthermore, patients 
early in the course of the disease, or asymptomatic or 
paucisymptomatic patients, may have low antibody 
concentrations that could give false negative results [39]. 
Consequently, the results of the distribution of seroprevalence 

are very uneven geographically. Although it seems evident 
that in general seroprevalence is not high (from 5% or less 
to a maximum that could be around 20%). But, there are 
reservations about the precision and validity of these studies 
[9,40,41].

Prevalence of Asymptomatic Disease

It is estimated that 40-45% of people who test positive 
for SARS-CoV-2 have no symptoms at the time of testing. Few 
of the asymptomatic patients (0-10%) develop symptoms. 
Up to 44% of COVID-19 transmission occurs before index 
cases become symptomatic [34]. These facts suggest that 
this is a significant factor in the rapid progression of the 
COVID-19 pandemic [42,43]. Asymptomatic or subclinical 
SARS-CoV-2 infections are often underreported, meaning 
that confirmed case counts may not accurately reflect the 
underlying epidemic dynamics. Understanding the extent 
of unreported infections in a given place is crucial for 
situational awareness. If the true size of the epidemic can be 
estimated, this enables a more reliable assessment of how 
and when non-pharmaceutical interventions should be both 
introduced, as infections rise, or relaxed as infections fall 
[44].

Assessment of the Number of Secondary Cases 
of An Index Case; The Basic Reproductive 
Number (R0)

R, the reproduction number, was first used almost 
a century ago in demographics. R originally measured 
the reproduction of people, regardless of whether a 
population was growing or not. In epidemiology, the same 
principle applies, but it measures the spread of infection in 
a population. A variant of R is R0. R0 is the mean number 
of infections produced by a single infectious person in a 
population without immunity; assumes that everyone in a 
population is susceptible to infection. That is generally not 
true, but it could occur when a new virus, such as SARS-
CoV-2, emerges at the beginning of the epidemic. R0 has 
a close relative called the effective reproduction number, 
which is the average number of infections produced by a 
single infected person in a population with partial immunity.

R0 is the ability of a single infected person to spread 
the virus before being cured. In other words: how many 
susceptible people end up infected by a single infected 
person in a more or less short time. R0 is calculated by 
modeling from preliminary data. Interpretation is generally 
presented as direct; an outbreak is expected to continue if 
R0 has a value>1 and to end if R0 is<1. The potential size of 
an outbreak or epidemic is often based on the magnitude of 
the R 0 value for that event and R 0 can be used to estimate 
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the proportion of the population that must be vaccinated 
to eliminate an infection from that population. Although 
the concept of R0 is very intuitive, its calculation is based 
on complex models and can lead to misinterpretations, 
especially regarding the real weight that R0 has on the spread 
of an infectious disease and the feasibility of controlling an 
epidemic [45-50]. Furthermore, R0 is constantly modified 
during an epidemic through the control measures adopted, 
namely: the duration of infection; the probability of infection 
by contact; and the contact speed [49,51,52].

Incidence Rate of Acute Respiratory Infections 
As a Tool to Correcting Official Data of COVID-19

Common acute respiratory infections (ARI) -such as the 
flu, other viruses that cause the common cold, etc. - share 
similar routes of transmission (mainly through droplets 
and fomites) with COVID-19. Therefore, examination of 
reliable surveillance data for ARI offers a simple approach 
to indirectly assess the COVID-19 burden and the overall 
effectiveness of a population’s infection control strategies 
[53]. COVID-19 disease is frequently presented to the GP 
as an ARI. So, at present, the SARS-CoV-2 virus is one more 
aetiological agent of ARI [53]. So, incidence rates of ARI 
in GP practice during the COVID-19 outbreak represent 
“maximum” rates of COVID-19, and these figures allow 
estimating the true incidence of COVID-19 [54-56].

Syndromic Surveillance Tools and Mobile Phone 
Tracking of Symptoms and Personal Health 
Trackers

These tools work by capturing data on reported 
symptoms using mobile technology such as telephone 
applications or Internet-based questionnaires, facilitating 
self-guided data collection at the population level [14]. The 
results can be returned to inform participants of urgent 
medical data. Some examples are in the COVID Symptom 
Study [57-59]. Other tools collect Syndromic data with 
the use of physical activity trackers, continuous wearable 
devices, and smart thermometers, to provide early insight 
into respiratory illnesses in the community. This may 
include Personal Health Trackers: data from smart watches 
and personal health tracking devices [60]. However, public 
data from mobile apps has limitations. The population 
providing the information will not perfectly reflect the 
general population. Furthermore, as with any study that 
relies on the voluntary contribution of data, people’s 
differential willingness to participate may reflect differences 
in underlying health-seeking behavior and anxiety regarding 
symptoms. Additionally, several surveillance platforms for 
the syndrome are already in use, which can lead to consumer 
confusion. On the other hand, it must balance concerns 
related to privacy and data sharing [10,61].

Cohort Studies

Population cohorts collect genetic, health, and lifestyle 
information from thousands of people over years or even 
decades to discover what genetic and environmental factors 
combine to increase disease risk. Some of these long-term 
cohort studies that originally focused on other diseases 
have been repurposed to study the COVID-19. These types 
of studies will create rich data sets that, in the short term, 
could help policy makers decide how to better control the 
disease and ease the roadblocks in place to stop the spread 
of the virus. In the long term, they will be able to track the 
physical, mental, and socioeconomic consequences of the 
pandemic, and allow scientists to address questions such as 
whether exposure to the virus increases health risks later in 
life. All of these large-scale studies have faced the logistical 
and technical challenges in the midst of a pandemic [62]. 
This design allows the identification of early predictors of 
long-term morbidity and allows the evaluation of hypotheses 
about the moment of onset of diseases from a life perspective. 
Continuity of care in general medicine -the relationship that is 
established in the long term between the GP and the patients 
in his / her office- allows to the GP to see repeated patterns 
of events and trends or regularities. Continuity of care in 
general medicine has practical applications for conducting 
cohort studies on COVID-19 in relation to patients treated in 
his/her practice [63].

The “Swiss Cheese Model”

The Swiss cheese model has been around since at least 
the 1990s [64] when it was proposed as a way of thinking 
about how accidents happen. During the COVID-19 pandemic, 
it has been transformed to visualize disease prevention. 
The strategy to flatten the COVID-19 cases curve can be 
seen as the sum of a series of measures with strengths and 
weaknesses. Each intervention (use of masks, tests, contact 
tracing, school closings, quarantine, isolation, etc.) can be 
view as a series of slices of Swiss cheese: imperfect barriers 
to virus transmission represented by holes in the cheese. Ut, 
when multiple partially effective interventions are combined 
at the beginning of an outbreak, such as stacked Swiss cheese 
slices, the gaps are bridged and virus transmission is slowed 
or even stopped [65].

Similarly, it is proposed that for the GP the effort to understand 
epidemiological surveillance for COVID-19 is based on many 
layers of strategies and data at the community and local level 
(Official case data, number of new infections, positivity rates; 
Hospital admissions, admissions to intensive care units, and 
deaths; Epidemiological mathematical modelling studies; 
Serological test-seroprevalence; Prevalence of asymptomatic 
disease; Assessment of the number of secondary cases of an 
index case, the basic reproductive number; Incidence rate of 
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acute respiratory infections; Syndromic surveillance tools 
and mobile phone tracking of symptoms and personal health 
trackers; and cohort studies) (Figure 1). Each epidemiological 
surveillance strategy has deficiencies and weaknesses; it has 
holes like Swiss cheese. A hole in one layer of knowledge is 
not necessarily a disaster if there are many other layers to 
fall back on. This model underscores the importance of the 
general medical system that can adapt to changing situations.

Figure 1: The Swiss cheese Model of Epidemiological 
Surveillance Strategies for Covid-19.

Conclusion

A single number cannot provide a complete picture of 
the status of a pandemic. Conclusions about epidemiological 
surveillance for COVID-19 using only one type of data are 
likely to result in poor performance models and inaccurate 
forecasts. Estimates at the national level can hide local 
heterogeneity. Seasonal differences in contact patterns from 
spring to fall are not reflected in the short time windows 
used in many epidemiological studies. Furthermore, delays, 
stochastic or probabilistic effects (effects that may appear, 
but do not necessarily do so), over-propagation, and 
infections caused by asymptomatic patients, create biases 
in the data at the national or regional level. Consequently, 
it is required several alternative options, and combining, 
comparing and using these disparate data sources or lines 
of evidence at the general and local level, to evaluate the real 
incidence, and performance of infection control strategies. 
Each epidemiological surveillance strategy has deficiencies 
and weaknesses; it has holes like Swiss cheese. A hole in one 
layer of knowledge is not necessarily a disaster if there are 
many other layers to fall back on. This model underscores 
the importance of the general medical system that can adapt 
to changing situations.
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