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To the Editor—The COVID-19 pandemic is posing a great challenge
to global health and economy. Early accurate diagnosis plays a key
role in fighting the disease. However, the diagnosis might be missed
because of false-negative tests due to the insufficient sensitivity of the
only test that detects SARS-CoV-2 or coinfection with other viruses.
These false-negative results will affect clinical management decisions
as well as control of the epidemic. Therefore, broader viral tests
should be given to patients suspected to have COVID-19. Here,
we discuss the existing methods of diagnosing COVID-19.

Nucleic acid amplification tests (NAAT)

The current first choice for the etiological diagnosis of COVID-19 is
based on detection of unique sequences of virus RNA by real-time
reverse-transcription polymerase chain reaction (rRT-PCR).1 The
PCR test is appropriate for the acute phase of illness; however, cases
of missed diagnoses have already been reported using this method.2,3

Recently, related research shows that the COVID-19-RdRp/Hel
rRT-PCR test is highly sensitive and specific, which might help to
reduce the false-negative rate and would be significantly useful for
detecting specimens with low viral loads.3 Thus, in terms of technical
and financial support, the current rRT-PCR testing available is rela-
tively optimal for SARS-CoV-2 screening of suspected cases.

Viral sequencing

The application of next-generation sequencing may be an accurate
diagnosis method for SARS-CoV-2, includingmetagenomics, hybrid
capture-based sequencing, and amplicon-based next-generation
sequencing.1,4,5 These 3 approaches show a higher sensitivity than
conventional RT-PCR, and they can meet the need for secondary
detection, diagnosis confirmation, and large-scale detection of
RT-PCR false-negative results.5 However, high cost is currently an
important obstacle to more widespread use of virus sequencing.

Serological testing

For patients with COVID-19, detectable SARS-CoV-2 antibodies
are mainly divided into IgM and IgG. In general, most of
SARS-CoV-2–specific IgM antibodies can be detected 3–5 days after

onset, and during the recovery period, IgG antibody titers are
≥4 times higher than in the acute phase.4,6 An antibody test is appro-
priate for the convalescence phase of COVID-19 in case of a sympto-
matic infection. Thismethod, however, is susceptible to the presence of
some interfering substances in the blood sample (eg, rheumatoid
factor, nonspecific IgM, etc), and therefore, it has a very high false-pos-
itive rate. Hence, SARS-CoV-2–specific IgM or IgG antibody testing
can be used as a diagnostic standard for COVID-19 in the case of a
negative NAAT, when 2 dynamic tests are required.1,6

Rapid antigen tests

In theory, rapid antigen tests have the advantages of fast detection
speed and low cost, but as yet they have poor sensitivity and speci-
ficity for detecting coronaviruses (except MERS).7 Moreover, it is
almost impossible to identify patients in the incubation period of
infection, which is to say that antigen tests cannot be used as the
sole basis for the diagnosis or exclusion of COVID-19. A pre–peer-
reviewed article reported that a fluorescence immunochromato-
graphic assay is an accurate, rapid, early and simple method for
detecting the nucleocapsid protein of SARS-CoV-2 in nasopharyn-
geal swab samples and urine samples for the diagnosis of
COVID-19.8 This claim requires further investigation.

Imaging examinations

Because lung abnormalities may appear ahead of clinical manifesta-
tions and positive NAAT, some studies have recommended that early
chest computerized tomography (CT) be used to screen suspected
cases of COVID-19.2,4,9,10 Furthermore, pneumonia manifests with
chest CT imaging and suggests the evolution and prognosis of
COVID-19.2,10 Nevertheless, due to the highly contagious nature of
SARS-CoV-2 and the risk of transporting critically ill patients, the
choice to conduct a chest CT scan in patients with suspected or estab-
lished COVID-19 is made infrequently. In addition, lung ultrasonog-
raphymay have great utility in managing COVID-19 pneumonia due
to its safety, repeatability, absence of radiation, low cost, and point-of-
care use.9 For cases in which pulmonary ultrasound is not sufficient to
answer clinical questions, a chest CT is needed.

In summary, combining assessment of imaging features with
clinical and laboratory findings could facilitate early diagnosis of
COVID-19. Here, we have systematically summarized the various
diagnostic methods for SARS-CoV-2. More importantly, this work
offers practical options for diagnosing COVID-19. Our experience
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may help clinicians make better decisions in the effort to become
victorious over SARS-CoV-2.
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To the Editor—Coronavirus disease 2019 (COVID-19) is a
respiratory tract infection ranging from mild respiratory illness
(eg, respiratory symptoms, cough, fever, shortness of breath and
breathing difficulties) to severe illness (eg, pneumonia, severe acute
respiratory syndrome, kidney failure, and death)1 that has caused an
unprecedented global crises in <90 days in all 206 countries of the
world.2 Today, most of the world’s major cities are in full quarantine
and all social and economic behaviors have been limited due to the
SARS-Cov-2 outbreak. Controlling the spread of the virus has
become one of themost important challenges for governments across
the globe. The increase inCOVID-19 cases in the advanced industrial
countries, including Italy, Germany, France, Spain, and United
States, reflects the rapid spread of the virus. As of April 4, 2020,
the following countries have been most affected: Italy, with a popu-
lations of almost 60 million, has ~119,827 COVID-19 patients
(case fatality rate [CFR], 12.25%). Germany, with a population of
almost 82 million, has ~85,778 COVID-19 patients (CFR, 1.34%).
France, with a population of almost 66 million, has ~63,536
COVID-19 patients (CFR, 10.21%). Spain, with a population of
almost 46 million, has ~117,710 patients (CFR, 9.28%). And the
United States, with a population of 320million, has ~241,703 patients
(CFR, 2.42%). The prevalence of SARS-CoV-2 is rapidly increasing.

Iran, with a population of almost 81million, has ~44,605 COVID-19
patients, with 2,898 deaths (Fig. 1). Although Iran has been heavily
sanctioned in all fields of industry and pharmacy, it has taken impor-
tant steps from the earliest days of the outbreak to combat the virus.3

For example, Italy, with an outbreak date similar to that of Iran,
has more than twice the disease incidence rate of Iran. According to
reports released by the ministries of health in Iran and Italy,4,5 Iran
formed a headquarters for the COVID-19 crisis on February 23, when
the virus count was ~15 people per day. In contrast, in Italy, the
COVID-19 crisis headquarters was formed on March 13, when the
outbreak count was ~2,500 per day. Also, these countries’ respective
healthministries published safety and prevention guidelines formany
locations, especially crowded centers including hospitals, clubs, trans-
portation systems, schools, etc, in the early days of the outbreak. They
also sought widespread collaboration with NGOs and volunteers as
well as extensive intragovernmental collaboration to ensure the obser-
vation of safety protocols to control the spread of disease. Although
traffic and concentration laws as well as heavy fines were not consid-
ered in the early days, these collaborations ultimately resulted in an
80% reduction in traffic between cities and as well as in social gather-
ings and even family gatherings. Ultimately, all of thesemeasures have
led Iran to better control the spread of the virus than other aforemen-
tioned industrialized countries.Nevertheless, Iran has a longway to go
to achieve complete control of the pandemic.

Because Iran is located among neighboring countries in a very
high-risk area for many diseases, including tuberculosis, rabies,
Crimean Congo fever, cholera, brucella, malaria, polio, and some
others, it has been even more successful in controlling such
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