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ABSTRACT
Introduction:

Coronavirus Disease 2019 (COVID-19) is spreading all over the world. Health systems around the globe have to deal
with decreased capabilities and exhausted resources because of the surge of patients.

The need to identify COVID-19 patients to achieve a timely opportunity to treat and isolate them is an ongoing chal-
lenge for health care professionals everywhere. A lack of testing capabilities forces clinicians to make the crucial initial
decision on the basis of clinical findings and routine diagnostic laboratory test.

This article reviews the current literature and presents a new adapted protocol for diagnosing and triaging
COVID-19 patients. A special emphasis lies on the stepwise approach guiding the medical provider to a triage decision
that is suitable for the individual patient and the situation of the local medical treatment facility.

Materials and Methods:

On March 30, 2020, a PubMed based literature research on COVID-19 following the preferred reporting items for sys-
tematic reviews and meta-analyses guidelines was performed. A diagnostic and triage tool for COVID-19 was designed

based on the major findings in the reviewed literature.

Results:

After a selection process, focusing on the topics “epidemiology,

2 <

clinical characteristics,” and “diagnostic tools,” 119

out of a total amount of 1,241 publications were selected to get an overview of the growing evidence.

Conclusions:

The designed Early Recognition and Triage Tool enables the medical provider to use the applicable modules of the
protocol for capabilities of the local setting to get the most appropriate diagnostic and triage done. The tool should give
guidance for the initial approach until specific testing for the COVID-19 virus is available.

INTRODUCTION
The SARS-Coronavirus-2 (SARS-CoV-2) emerged in Wuhan
province, China, in December 2019. This novel virus has
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since demonstrated global transmission and is the most signif-
icant pandemic of the last century. The clinical manifestations
of the virus are referred to as Coronavirus Disease 2019
(COVID-19). COVID-19 is a huge challenge for health care
systems worldwide. In the early stages of this pandemic, the
diagnostic capabilities for COVID-19 were limited. Although
the situation improved in well-established health systems,
there remains a global paucity of testing capability. In order
for appropriate quarantine of high risk individuals and iso-
lation of those with COVID-19, a valid and reliable testing
capability is ideal. If tests are unavailable, then other indica-
tors of disease must be used for diagnosis in order to limit
community spread.

The deployed military environment poses a challenging
problem set when it comes to limiting disease propagation.
In deployed military settings, it is not a possibility to work
from home and community living is the standard with shared
rooms, bathrooms, and dining facilities. It is not feasible
to pause the mission. Although prevention measures in the
deployed military setting are key to limiting exposure to the
SARS-CoV-2, the most extreme prevention measures such as
“lockdown” or “stay home” are not pragmatic in the deployed



ERECT Tool for COVID-19

setting because the mission must continue. Additionally, like
many areas of the world, testing capabilities can be limited;
therefore, innovative strategies must be employed to ensure
prevention and maintenance of a healthy population in order
to facilitate mission success. Furthermore, medical capabili-
ties and capacity in the deployed environment are well poised
to manage trauma, most deployed military treatment facilities
(MTFs) are not equipped to care for a large number of patients
resulting from a medical pandemic. Determination of the dis-
ease presence is also necessary to preserve medical resources,
which could quickly be overwhelmed in the deployed environ-
ment, especially given the natures of the SARS-CoV-2 with
asymptomatic transmission resulting in patients that urgently
need medical attendance. Given these challenges, the authors
developed the Early Recognition and Triage Tool (ERECT
Tool) to provide medical staff with practical guidance that is
adapted to the special circumstances of this virus.

MATERIALS AND METHODS

The medical experts of a multinational MTF in Afghanistan
developed a standardized and straightforward approach for
identification and triage of COVID-19 patients at medical
installations with limited resources. Data were aggregated
from current medical intelligence reports of the German mil-
itary health system and literature that could be found on
relevant databases like PubMed, online archives of medical
journals like “Lancet,” and open access literature databases
of scientific publishers like “Springer Nature.” After an ini-
tial review of the current literature on March 30, 2020, a
structured search according preferred reporting items for sys-
tematic reviews and meta-analyses guidelines in PubMed was
conducted.

All types of publications listed with the key words
“COVID-19” and “SARS-CoV-2” (original articles, editori-
als, correspondence, short reports, etc.) were eligible for the
aim to seek evidence about COVID-19. This resulted in a total
amount of 1,241 publications.

The result of the literature search was independently
reviewed concerning the topics “epidemiology,” “clinical
characteristics,” and “diagnostic tools” by two senior consul-
tants and selected for further use.

Because we tried to find evidence for a diagnostic and
categorization tool, topics as “therapy strategies” and “reha-
bilitation” were not taken into account.

The literature that was chosen by both reviewers to be eli-
gible was accepted, the literature that was refused by both
reviewers was excluded, and the literature where the review-
ers initially disagreed was reviewed together and then finally
included or excluded.

In this first step, 1,079 publications were excluded because
they did not meet the required topics.

From the remaining 162 articles, 21 had to be excluded
because they were double listed. Seventeen documents were
excluded because of lacking language skills of the authors:
16 documents were written in Chinese and 1 in Czech. In a

last step, all results without available full texts were excluded,
which sorted out 5 further documents. 119 publications were
eligible for further use (Fig. 1).

RESULTS

The findings were discussed in our international and interdis-
ciplinary group of medical experts and put into a flow chart
that shows the measures that found the greatest consent. The
flow chart, which we named ERECT Tool is in our opinion
a well-suited tool to be used by MTF with the same range of
diagnostic capabilities. (Fig. 2) In a further step, we tried to
simplify the flow chart in order to make it suitable for even
smaller MTF with less diagnostic capabilities. (Fig. 3)

To implement the screening process we took the origi-
nally published process from a fever clinic in China'-? and the
Technical University Munich.? Then we analyzed the avail-
able publications for criteria that are common clinical findings
during the early phase of a CoV-SARS-2 infection.

These symptoms were set into a context with updated
reports concerning main laboratory findings and other diag-
nostic results like chest computed tomography (CT) or con-
ventional X-ray in order to make the process more reliable. In
the next step, we tried to identify risk factors related to a severe
clinical course of COVID-19, assuming that those patients
would probably need a higher level of medical attendance.
The risk factors identified could be preexisting conditions like
age and comorbidities but also laboratory results that have
shown to be predictive for a severe course of COVID-19.

The intent of the identified bundle of clinical and lab char-
acteristics enables the medical personnel categorize patients
in a comprehensive and decision matrix

At the end we tried to discriminate people, that present
with flu-like symptoms not evoked by CoV-SARS-2 from
those who likely to have COVID-19, in order to give them
the suitable therapy for their specific disease.

DISCUSSION

Health care systems globally have been challenged by the
COVID-19 pandemic. Even in countries with well-established
health care infrastructure, the surge of the spreading COVID-
19 pandemic is stretching the capabilities to the maximum and
beyond.

Although the testing capabilities, for example, in Europe
and the USA have been extended and an increasing number
of patients can be tested every day, the situation is different
for third world countries and many other parts of the world
where the health systems are much more limited.

In the first weeks of the COVID-19 pandemic in military
installations around the globe, collecting specimen for SARS-
CoV-2 tests was basically possible but the logistical effort to
get the test done and the period to get the test results lasted
several days.

Infectious diseases can spread easily in communities of
people that live and work together in crowded spaces. For
instance, in refugee camps and for inhabitants of slums that
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FIGURE 1. Selection process after initial literature research on March 30, 2020.

may be in the crowded accommodation tents or shacks, the
drinking water supply point or purely because of the over-
crowded space itself. In military, installations might happen in
the accommodation as well as in the gym or dining facilities.
Public health issues like social distancing, mask wear-
ing, sneezing and coughing etiquette, and personal hygiene
are useful tools,* but in those populations mentioned above,
they might not be as effective as in other locations. Further-
more, especially in refugee camps or slums, many people
may have an impaired immune system because of a long-term
malnutrition which might deteriorate the situation.

MILITARY MEDICINE, Vol. 00, 00 2020

For these reasons, the health care providers have to pre-
pare for a high impact of an infectious disease outbreak that
will exhaust their capabilities very easily. One approach to
spare medical resources is to “flatten the curve” of new infec-
tions, once the outbreak occurred. This means to make every
effort to push the reproduction number of the virus spread as
low as possible.® Efforts to make this effective are resource
intensive, and challenging to employ in resources constrained
environments.

Throughout the world researchers report that the COVID-
19 appears in different degrees of severity. About 81% of
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FIGURE 2. Early Recognition and Triage Tool including all modules of diagnostic capabilities.

the infected present only with mild or even no symptoms
but may spread the virus unwillingly to those in their direct
environment. About 14% of the infected people need medical
attendance and 5% are developing severe symptoms and may
need intensive care capabilities.’

On March 30, when we performed the data research there
was no evidence about the impact of COVID-19 on special
communities like people in slums, refugee camps, or military
personnel in field camps. That is why there was no possibility
to get a reliable estimation on an evidence-based calculation
model. To get at least some numbers for medical resource
management, the published data from China was used, know-
ing that the population characteristics of China and a military
installation are not completely comparable.

Regardless the calculated numbers, the impact on well-
established health care systems showed that our a priori
limited medical resources could be easily stretched to the
maximum.

Overwhelmed health care systems are associated with a
poorer outcome and a higher case-fatality rate.® One reason is
the lack of capabilities in these systems because of which they
cannot face patients presenting with complications like acute
kidney failure or acute respiratory distress syndrome and
deliver renal replacement therapy or extra-corporeal mem-
brane oxygenation’ so that the patients die because of these
complications.

For COVID-19, the reported reproduction number ranged
from 3 up to 57 what means that one infected person infected
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FIGURE 3. Early Recognition and Triage Tool reduced to the minimum of medical capabilities.

3 to 57 persons in his environment. This led to an exponen-
tial growth rate of the infection numbers.’~!! Early and liberal
testing, consequent isolation of infected persons as well as
social distancing are actions that are proven to reduce the
reproduction number and thereby slowing down the outbreak
within the affected community.!>~'* However, in order to uti-
lize this strategy, there must be testing or other tools, such
as the clinical tool introduced here, to facilitate diagnosis. In
the context of COVID-19 where the majority infected people
have no or only mild symptoms, this aim is even harder to
achieve, especially when the testing capability is limited by
long transport times of the samples or other reasons.

The consequence that arises is the need for a reliable
screening process to identify potentially COVID-19-positive
persons in order to isolate them from (the rest of) the
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community as soon as possible without having a quickly avail-
able test result. On the other hand, the screening process
should be able to discriminate other diseases beside COVID-
19 to take into account that diagnostic capabilities and in
general medical resources are limited.

In addition, the screening tool could give a guideline for
health care providers on how to initiate further treatment in
order to use the existing capabilities in the best possible way.

Several authors that are working on COVID-19 have
described clinical characteristics that are common during
the course of the disease. Fever (92%), dry cough (73%),
and shortness of breath (36.7%) are the most common
findings."”

Further on even in the initial phase, symptomatic patients
report with a temporary impairment of smelling and tasting.'®
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These data were published from the King’s College London
on a website without a peer review process.

People presenting with shortness of breath may already
suffer from a “silent hypoxia.” That is why it is important
to check the peripheral oxygen saturation early and to take
it into account for the further categorization as a postponed
admission may lead to a poorer outcome.'”

Other clinical characteristics like gastrointestinal symp-
toms like nausea or diarrhea that are reported in about 17.3%,
respectively, 12.9% of COVID-19 cases'> are in our opinion
not eligible for the primary screening process, although health
care providers should recognize these symptoms as well to use
them to gain a complete picture of the individual’s situation.

In the described process, the next step is early laboratory
testing. Beside a testing for SARS-CoV-2 and (if available)
other respiratory tract pathogens that may help differentiating
the origin of the presented clinical symptoms, the additional
testing for a broader spectrum of routine parameters can also
help to identify certain constellations that are reported to be a
typical sign of COVID-19.8

Furthermore, other laboratory findings may help to identify
patients that might have to expect a more severe course of the
ongoing disease.'>*!3

The recommended laboratory tests are written in a separate
block beside the pathway on the algorithm, giving the health
care professionals for the daily routine more freedom within
the algorithm.

The next step after the primary assessment of the patient
is to evaluate the body core temperature. Lai et al. and Zhang
et al. reported that fever was associated in up to 92% of all
cases with COVID-19.7-13

If a patient presents without fever, it is more likely that he
or she is not COVID-19 positive. To make the whole process
more sensitive and to decrease the potential number of missed
persons with undetected COVID-19, laboratory testing can
help out. If the laboratory results are not showing findings like
a relative lymphocytopenia, an elevated CRP, or a decreased
number of eosinophils, a serious COVID-19-infection is less
likely. Further diagnostic efforts do not have to be taken in
order to save resources.

If there are any clinical characteristics that were pathog-
nomonic for COVID-19 infection, this type of guidance would
not be necessary; however, with COIVD-19, diagnostics are
needed.

The next piece of the diagnostic puzzle is radiologic
imaging.

Zhao et al. and Chun et al. describe chest CT as primary
approach because the “bilateral ground-glass opacity” is an
early sign of COVID-19.19-2!

For MTFs that do not have the capability to perform chest
CT, conventional chest X-ray may also show early signs of a
bilateral peripheral virus-associated pneumonia.??

The evidence about chest ultrasound in COVID-19 pneu-
monia is very limited. The diagnostic value in this specific

context seems to be potentially there but might be very
depending on the skills and experience of the single provider.
For that reason, we did not include chest ultrasound in the
protocol.??

After having finished this part of the flow chart, the multi-
ple steps approach leads the way to or away from the diagnosis
COVID-19. If the COVID-19 suspicion has been ruled out at
that point, medical providers must look for other causes of
the presented airway disease and treat this according to the
applicable clinical practice guideline. In that case, the spe-
cific symptoms may help to categorize the patient for further
treatment options.

If using the algorithm does not rule out the COVID-19 and
their remains suspicion of pneumonia, then empiric antibiotic
therapy should be initiated for at least 48 hours. This should
fight a possible bacterial superinfection and prevent a dete-
rioration of the patient’s health status. If the inflammatory
signs during repeated laboratory tests (e.g. leucocytes, CRP,
procalcitonin (PCT)) remain low or negative, the antibiotic
treatment can be stopped.

The next step in the proposed flow chart focuses on the
COVID-19-associated risk factors as they may have a prog-
nostic value to predict a severe course of the whole inflam-
mation process and probably predict the need for intensive
medical care in the near future for the specific patient.

Several studies found age, hypertension, diabetes melli-
tus, and cardiovascular diseases as COVID-19-related risk
factors for a more severe course of this disease.!”-?*2> Other
entities like active smoking, lung diseases such as chronic
obstructive pulmonary disease (COPD), and asthma are not
risk factors for the infection and not yet identified as obvi-
ous factors affecting the progression of COVID-19 but are still
discussed.!-24:26:27

Beside certain underlying diseases some laboratory find-
ings are also reported to be associated with a poor outcome
of the patients. The most often reported pathologic labora-
tory findings are hypalbuminemia, elevated d-dimer, a pro-
longed activated Patrial Thromboplastin Time (aPTT), and
prothrombin time. Elevated values for Troponin T/I and Mus-
cle Brain isoenzyme of creatine kinase (CK-MB) and lactate
dehydrogenase (LDH) were also found.!”+18:23

Although the previous diseases can be easily evaluated by
every health care provider, the additional laboratory results
that are related to a higher severity and poor outcome are usu-
ally not available in resource constrained health care systems
or in deployed environments with the exception of the larger
MTFs. Therefore, we assumed that the described risk factors
as a bundle could be used for a predictive risk assumption and
a tool to categorize the patient to the applicable level of care.
Lastly, it must be remembered to re-evaluate, reassess and if
necessary re-categorize patients that have been already seen
frequently. This is necessary to optimize resources in case
of clinical improvement and to adjust the therapy in case of
clinical deterioration.

MILITARY MEDICINE, Vol. 00, 00 2020
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Figure 2 outlines the minimum of steps needed and takes
into account that many smaller MTF have no possibility to
perform laboratory testing directly at their location and also
radiologic imaging is lacking. After ruling in or ruling out
a COVID-19 suspicion with only the help of clinical symp-
toms and medical history, this reduced flow chart results in
suggestions how to deal with these patients with the assumed
capabilities.

The presented protocol has been worked out on the basis
of the current literature and represents the current evidence
on COVID-19 focusing on early recognition and triage. There
has been no evaluation of this concept with retrospective data
by the authors. The published literature that had been taken
into account for its development is based on a high number of
patients seen by scientists dealing with them. A prospective
study that proofs this concept and that evaluates sensitivity
and specificity is needed to validate the proposed paradigm of
care.

CONCLUSION

The COVID-19 pandemic is a challenging task for health sys-
tems all over the world. Under certain circumstances, the
capabilities of the dedicated MTFs are a priori limited and
tests or at least test results for SARS-CoV-2 are not avail-
able on short notice. Ideally every health care system would
have access to diagnostic testing to aid in early diagnosis
of COVID-19. In scenarios where testing is not available
or resource constrained, this clinical algorithm provides a
framework to aid providers in clinical diagnosis. Addition-
ally, given the high false-negative rate of tests, this protocol
can act as an adjunct to testing strategies.

Therefore, in order to provide health care providers tools
to detect COVID-19 positive patients with a reasonable accu-
racy, we developed the presented flow chart. The specific aim
was to create a guiding protocol that can easily be adopt to
the local capabilities by adding or removing diagnostic com-
ponents. Further studies are necessary to proof the value and
reliability of this tool that comprises the essence of the current
evidence on COVID-19.
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