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A B S T R A C T   

Corona virus disease-2019 (COVID-19) caused by severe acute respiratory syndrome corona virus-2 (SARS CoV- 
2), a highly contagious single stranded RNA virus genetically related to SARS CoV. The lungs are the main organs 
affected leading to pneumonia and respiratory failure in severe cases that may need mechanical ventilation. 
Occasionally patient may present with gastro-intestinal, cardiac and neurologic symptoms with or without lung 
involvement. Pathologically, the lungs show either mild congestion and alveolar exudation or acute respiratory 
distress syndrome (ARDS) with hyaline membrane or histopathology of acute fibrinous organizing pneumonia 
(AFOP) that parallels disease severity. Other organs like liver and kidneys may be involved secondarily. 
Currently the treatment is principally symptomatic and prevention by proper use of personal protective equip
ment and other measures is crucial to limit the spread. In the midst of pandemic there is paucity of literature on 
pathological features including pathogenesis, hence in this review we provide the current pathology centered 
understanding of COVID-19. Furthermore, the pathogenetic pathway is pivotal in the development of therapeutic 
targets.   

1. Introduction 

The current pandemic of corona virus disease-2019 (COVID-19) 
caused by severe acute respiratory syndrome corona virus-2 (SARS CoV- 
2) led to complete lockdown in many countries contributing to major 
socio-economic crisis and irreparable recession, globally. SARS CoV-2, a 
novel β CoV was first identified in adults presenting with acute lower 
respiratory tract infection of unexplained etiology in China [1]. Though 
no age group is spared, severe forms occur in patients older than 60 
years specifically with co-morbidities. The majority of the infected in
dividuals are asymptomatic or with mild form of disease and are po
tential transmitters. This disease is highly contagious and mainly spread 
through respiratory droplets, close contact with infected cases or ma
terials (fomites) and nosocomially to other patients and health care 
workers in the hospitals [2,3]. COVID-19 has a much lower case fatality 
ratio and significantly greater transmission rate than 2003 SARS 

pandemic [4,5]. Currently RT-PCR of upper and lower respiratory swabs 
or samples is the gold standard diagnostic test. Serological tests based on 
antibody detection, though not helpful during the early phases of dis
ease, can be used to confirm infection in later phase. A thorough liter
ature search (PubMed, preprint servers and google scholar) using terms 
COVID-19 and pathology/pathogenesis, SARS CoV-2 and pathology/
pathogenesis and 2019-nCoV and pathology/pathogenesis was done to 
maximize the yield of literature, which ended on 24 May 2020. In this 
review, we have comprehensively discussed all aspects of COVID-19 
with special emphasis on the pathology including pathogenesis and 
therapeutic targets. It forms a ready resource for clinicians, pathologists, 
and researchers including epidemiologists aiding them in the diagnosis 
and treatment of these patients, and may also pave way to further 
research. 
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2. Epidemiology 

The earliest case of SARS CoV-2 infection currently known was re
ported on 31 st December 2019 in Wuhan, Hubei province of China [1]. 
After this it spread rapidly to other parts of China as well as interna
tionally affecting over 185 countries as of 23 April 2020, leading to the 
current global pandemic [2]. The World Health Organization declared 
COVID-19 to be a Public Health Emergency of International Concern on 
30 January 2020, and recognized it as a pandemic on 11 March 2020 [6, 
7]. As of 24 May 2020, globally 5.48 million cases of COVID-19 have 
been reported, resulting in 346,071 deaths and 2,290,776 people have 
recovered [8]. 

The basic reproduction number (R0) of the SARS CoV-2 is estimated 
to be between 1.4 and 3.9, indicating its highly contagious nature [9, 
10]. The R0 may be even higher in places of public gatherings like in 
cruise ships, religious/political/academic/business congregations as 
well as in hospitals non-compliant with personal protective measures 
[9–11]. The incubation period and serial interval is estimated at 5–6 
days and 8 days, respectively, which is similar to that for SARS CoV and 
MERS CoV [9,12–14]. Early in the pandemic, the case-fatality rate (CFR) 
was estimated to be between 0.9 % and 3% [15,16], lower than other 
HCoVs (SARS CoV (6%–17 %) and MERS CoV (20 %–40 %)) [17–19]. 
However, by the 24th of May 2020 many countries exhibited expo
nential rise in CFR [8] (Table 1). 

2.1. Routes of transmission 

Unlike SARS CoV, the high percentage of SARS CoV-2 infected in
dividuals manifest as asymptomatic or pauci-symptomatic infection who 
escape detection and become potential transmitters [20,21]. It is 
important to note that, not all close contacts are infected suggesting a 
role for individual genetic susceptibility [22–24]. In humans, the virus 
usually gains entry through upper aero-digestive tract. More recently 
SARS CoV-2 was isolated from the feces of patients, indicating the 
possibility of fecal-oral spread [24,25]. Furthermore, SARS CoV-2 
infection in pregnant women raised a possibility of vertical trans
mission [26]. However, the vertical transmission was ruled out based on 
negative testing for the virus on the swabs collected from the amniotic 
fluid, cord blood, neonatal throat and breast milk of the six infected 
pregnant women [26]. The long range airborne transmission is also 
speculated which depends on flow dynamics of the virus from the 
infected person and also on ventilation status of the area [27]. Moreover, 
the expansion and spread of COVID-19 can be visualized by mapping 
techniques like cartograms [28]. The understanding of modes of trans
mission of SARS CoV-2 will enable application of appropriate contain
ment measures. 

2.2. Susceptibility 

Though there is generalized susceptibility to SARS CoV-2 infection 
for all age groups, the disease severity and mortality is less in children 
[29]. In adults, due to increased plasma ACE2 levels in women they are 
less commonly affected than men [30]. The elderly population specif
ically, with co-morbidities such as diabetes, hypertension, stroke, 
chronic pulmonary/cardiac/renal disease are highly susceptible to se
vere form of infection owing to low body defense against infection as 
well as their underlying age related organ system compromise [22, 
31–33]. Similar to SARS CoV, a recent study reported non- O blood 
group specifically group A had higher infection and death rates due to 
COVID-19 owing to absence of protective anti-A IgM antibodies [34,35]. 
Many uncertainities still persist in the SARS CoV-2 epidemiology espe
cially virus-host interaction including host susceptibility and the evo
lution of epidemic. 

3. Virology 

The corona viruses (CoVs) are classified into α and β (seen in 

Table 1 
Statistics of top 10 Countries affected by COVID-19 as of 24th May 2020.  

SNo. COUNTRY TOTAL 
CASES 

TOTAL 
DEATHS 

TOTAL 
RECOVERED 

Case Fatality 
Rate (CFR) 
% 

1 USA 1,682,599 99,226 451,392 5.89 
2 BRAZIL 357,839 22,500 142,587 6.28 
3 RUSSIA 344,481 3541 113,299 1.02 
4 SPAIN 282,852 28,752 196,958 10.16 
5 UK 259,559 36,793 N/A 14.17 
6 ITALY 229,858 32,785 140,479 14.26 
7 FRANCE 182,584 28,367 64,617 15.53 
8 GERMANY 180,328 8371 160,300 4.64 
9 TURKEY 156,827 4340 118,694 2.76 
10 INDIA 138,536 4024 57,692 2.90 

N/A Information is missing on recovery data for UK. 

Fig. 1. Structure of SARS CoV-2 Virion. 
Spike (S) protein - helps in attachment to host cell. Membrane 
(M) protein - nutrient transport. Envelope (E) - virion outermost 
layer. " helps in viral assembly and budding " for the E protein 
function in the legend. Hemagglutinin esterase (HE) - inhibits 
host defenses. Nucleo-capsid (N) - encloses and protects viral 
genome. Viral genome- positive sense single stranded RNA.   
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mammals including humans); γ and δ (seen in avian species) [36]. They 
derive the name due to their resemblance to crown (coronam in Latin) at 
electron microscopic level due to presence of spike protein on their 
envelop. They are capable of causing respiratory, gastrointestinal, he
patic, and central nervous system infection in avian and mammalian 
species including humans [37,38]. In general, estimates suggest that 2% 
of the population are healthy carriers of the CoVs and that these viruses 
are responsible for about 5%–10% of acute respiratory infections [39]. It 
is postulated that, when these viruses pass from natural hosts to humans 
through an intermediate amplifying host, they undergo rapid mutation 
and recombination leading to generation of novel CoVs that are virulent 
and cause human disease [39]. Such novel CoVs have caused severe 
acute respiratory syndrome (SARS - SARS CoV) in China (2002–2003) 
and Middle East respiratory syndrome (MERS - MERS CoV) in Saudi 
Arabia (2012) resulting in pandemics with pulmonary and 
extra-pulmonary manifestations in the last few decades [36,40]. In 
children, the CoVs usually present as co-infection with other respiratory 
viral infections but can be the sole pathogen causing infection in chil
dren suffering from underlying chronic diseases [12]. Thus, CoVs have 
become major pathogens of emerging respiratory disease outbreaks. 

The SARS CoV-2 belongs to family: coronaviridae, order: nidovirales 
genus: beta corona virus and lineage B of subgenus: sarbecovirus [36]. 
WHO’s “novel coronavirus 2019′′ (2019-nCoV) was officially renamed 
to SARS CoV-2 by the International Committee on Taxonomy of Viruses 
(ICTV) and the resultant disease was called COVID-19 by WHO on 
February 11, 2020 [41]. Phylogenetically, SARS CoV-2 exhibited 80 %– 
99.8 % genetic similarity with CoVs of Rhinolopus bats, pangolin and 
civets [42–45]. Additionally, the receptor-binding domain (RBD) of the 
Spike/S protein through which SARS CoV-2 infects the host is virtually 
identical to pangolin CoV with a difference of only one amino acid [46]. 
Recently another study suggested pangolin involvement in SARS CoV-2 
origin due to evidence of re-assortment in CoVs [47]. SARS CoV-2 differs 
from other β CoVs by the presence of unique polybasic cleavage site that 
contributes to increased pathogenicity and transmissibility [48]. 

Each virion is a enveloped, non-segmented, positive sense single 
stranded RNA virus (+ssRNA) with nucleocapsid. Its virion measures 
50− 200 nm in diameter with a round or elliptic form with 5′-cap 
structure and 3′-poly-A tail (Fig. 1). The single-stranded positive-sense 
RNA contains 29,891 nucleotides, encoding 9860 amino acids. Like any 
typical CoV the genome of SARS CoV-2 contains six open reading frames 
(ORFs). The first ORF (2/3 of whole genome;ORF1a/b), encodes 16 
nonstructural proteins (nsps) (nsp1-16). Intervening ORF1a and 1b ex
hibits − 1 frameshift which leads to formation of two polypeptides: pp1a 
and pp1ab which are further processed into 16 nsps by virally encoded 
proteases (chymotrypsin-like protease (3CLpro) and one or two papain- 
like proteases) that helps in the viral genome replication, formation of 
double membrane vesicles (DMVs) and proofreading [49–51]. Rest 1/3 
of the genome near the 3′- terminus mainly has genes encoding four 
structural proteins (spike (S), membrane (M), envelope (E), and nucle
ocapsid (N)) and for accessory proteins (HE, 3a/b and 4a/b proteins) 
that inhibit host defenses [52]. The virus is sensitive to ultraviolet rays, 
heat and can be effectively inactivated by lipid solvents like ether (75 
%), ethanol, per-oxyacetic acid, chloroform, and chlorine-containing 
disinfectants except chlorhexidine [2]. 

4. Pathogenesis 

The SARS CoV-2 because of its similarity with SARS CoV is presumed 
to infect human cells through its densely glycosylated spike (S) proteins 
S1 fraction with receptor binding domain (RBD) which binds to the 
angiotensin-converting enzyme 2 receptor (ACE-2 R) with 10–20 fold 
higher affinity than SARS CoV [53]. ACE-2 R are principally expressed in 
human alveolar epithelial cells (type II > type I) [42,54,55]. The ACE-2 
R is also expressed on endothelial cells, gastrointestinal (esophageal & 
intestinal) epithelium and cardiac myocytes [56,57]. After the virus gets 
attached to this receptor, the SARS CoV-2 with its unique polybasic 

S1/S2 protease cleavage site with SPRR insertion on the spike protein 
which is recognized and cleaved by transmembrane protease serine 
(TMPRSSs) expressed on host cells to expose the fusion protein (S2 
fraction) that enables the fusion of both viral and the host cell membrane 
[56]. It has been demonstrated that ACE-2 R and TMPRSSs are highly 
co-expressed in alveolar type 2 pneumocytes, epithelium of upper 
esophagus and absorptive enterocytes, forming the basis of speculation 
that the SARS CoV-2 can gain access into host through esophageal and 
intestinal epithelium apart from alveolar epithelium. Hence, the po
tential target tissues for SARS CoV-2 should co-express ACE-2 R and 
TMPRSSs [56]. This membrane fusion enables internalization of viral 
RNA into the host cell cytoplasm which then forms new viral proteins, 
by replication and translation. The final step before virions are released 
from the infected cells is the viral assembly in the form of nucleocapsid 
(N) proteins binding to RNA molecules which gets further covered by the 
envelope and membrane proteins leading to formation of complete vi
rions capable of infecting other cells. 

With the establishment of SARS CoV-2 infection type II pneumocytes 
(responsible for tissue repair and surfactant bio-synthesis) are damaged 
causing increased surface tension resulting in dyspnoea. In addition, 
these damaged type II pneumocytes compromise the alveolar immuno
logic balance function by inappropriately triggering a cascade of local 
and systemic inflammatory response due to excessive cytokine synthesis 
and release (cytokine storm) by the activated inflammatory cells owing 
to accumulation of uncleaved angiotensin II [58–60]. This cytokine 
excess when severe, causes wide spread tissue damage due to systemic 
inflammatory response syndrome (SIRS). In addition, there is 

Fig. 2. Pathogenesis of COVID-19. 
SARS CoV-2 infection in humans is possibly acquired from Rhinolopus bats or 
Pangolins or Civets and through an currently unknown intermediate host. The 
viral entry into host cell is mediated initially by S1 fraction of Spike protein 
binding to ACE2-R on target cells and subsequently by S2 fraction cleavage by 
TMPRSS2 (host cell origin) enabling viral internalization. Inside host cells viral 
genome undergoes replication with the help of RNA dependent RNA poly
merase to form new virions, which infects other cells. In response to this there is 
excessive synthesis and release of pro-inflammatory factors mediated by 
angiotensin-II which is responsible for clinical presentation. 
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widespread activation of pro-coagulant factors leading to microthrombi 
in various tissues/organs resulting in ARDS, multiple organ dysfunction 
syndrome (MODS), ischemia and high mortality. This phenomenon is 
evidenced by the presence of significantly increased pro-inflammatory 
cytokines (Interleukins 1-β, 1RA, 7, 8, 9, 10, b FGF2, GCSF, GMCSF, 
IFNγ, IP10, MCP1, MIP1α, MIP1β, PDGFβ, TNFα, and VEGFA.) in severe 
COVID-19 patients [61] (Fig. 2). 

5. Pathology 

The current understanding of pathology stems from few case reports 
and autopsy case studies. The gross features include heavy and boggy 
lungs, patchy consolidation along with pleural fibrinous exudate and/or 
fibrosis, sometimes with purulent inflammation due to secondary bac
terial infection with/without evidence of pericarditis [62]. 

The microscopic features depend on stage and severity of the disease. 
Early stages (asymptomatic/mildly symptomatic patients) show non- 
specific changes including pulmonary edema, focal pneumocyte hy
perplasia, focal chronic inflammatory infiltrate and multinucleated 
giant cells with absence of prominent hyaline membrane formation 
[63]. As, the disease progress there is diffuse alveolar damage with 
transparent hyaline membrane formation and severe pulmonary edema. 
However, in SARS CoV-2, there is firbomyxoid exudates with visible 
fibrinous cords along with mucous plugging of bronchioles which has a 
bearing with respect to oxygen therapy. There is also widespread 
interstitial inflammatory infiltrates with severe epithelial damage, 
diffuse type II pneumocyte hyperplasia consistent with ARDS [64–68]. 
One study reported massive pulmonary interstitial fibrosis with variable 
degree of hemorrhagic necrosis, chronic inflammation with multinu
cleate giant cells and intracytoplasmic viral inclusion bodies in severe 
cases [69]. Interestingly, another study showed features of lymphocytic 
viral pneumonia in a patient who died early in the disease (5th day after 
development of symptoms), whereas five other patients who succumbed 
later (20th day after development of symptoms) exhibited acute fibri
nous and organizing pneumonia (AFOP) showing extensive fibrinous 
deposits forming balls/mounds but not hyaline membrane in their 
alveoli. These patients also showed prominent vascular injury evidenced 
by endothelial cell detachment and prominent intracytoplasmic vacuo
lization in small and medium-sized pulmonary blood vessels [70]. Also, 
severe COVID-19 infection has been associated with a novel 
pulmonary-specific vasculopathy known as pulmonary intravascular 
coagulopathy (PIC), that parallels disease severity [71]. These findings 
may be considered as important indicators of disease severity and 
prognosis. 

The liver shows mild lobular lymphocytic infiltration and moderate 
micro-vesicular steatosis along with mild lobular activity, possibly 
related to the viral infection itself and ischemia. There were no obvious 
histological changes in heart tissue except for mild interstitial chronic 
mononuclear infiltrate [57,64,65]. Hence the changes in the liver and 
heart are more likely secondary or related to the underlying diseases 
[64]. The pathology in other organs have not been elucidated. 

It is too early to determine the specificity and consistency of these 
histopathological findings with respect to the stage and severity of the 
COVID-19 owing to the paucity of information obtained from few bi
opsy/autopsy case reports. In addition, the histopathological features 
may be modified or altered by patients’ immunity, presence of co- 
morbidities, secondary infections and therapy given to these patients 
especially steroids. 

6. Clinical presentation 

The COVID-19 encompasses varied clinical spectrum, and during the 
incubation period (average~2weeks) the patients are either asymp
tomatic or present with mild upper respiratory symptoms in 2–4 days 
after being infected [16]. The symptoms include sneezing, coughing, 
runny nose, fatigue, sore throat and fever. One important feature which 

raises the suspicion of COVID-19, is dyspnoea, which is seen in over 50 
% of patients [55 %] and may take 2–14 days to develop. The most 
common clinical symptoms include fever (86.0 %), cough (63.9 %), 
malaise or fatigue (34.7 %), productive cough (28.9 %), shortness of 
breath (19.7 %) and myalgia (18.8 %). Only few patients present with 
gastrointestinal symptoms like diarrhea (5.7 %) and nausea/vomiting 
(6.1 %) [72]. In 26.7 % of COVID-19 patients there was at least one 
underlying co-morbidity(hypertension, diabetes, chronic car
diovascular/pulmonary/renal disease and cancer) [72]. The severe form 
is characterized by ARDS that necessitates mechanical ventilatory sup
port in an intensive care unit (ICU), and also leads to multiorgan 
involvement resulting in shock, septicemia, and MODS with high mor
tality [73,74]. A substantial proportion of patients developed diarrhea 
during hospitalization, potentially aggravated by various drugs 
including antibiotics [75]. These patients may also present with cardiac 
sounding chest pain due to myocarditis and myocardial infarction [76]. 
Neurological manifestations due to acute ischemic stroke or cerebral 
venous sinus thrombosis or cerebral hemorrhage may sometimes pre
cede pulmonary manifestations and include symptoms like headache, 
dizziness, ataxia, seizures, confusion, hyposmia and hypogeusia as a 
result of primary infection [77]. Secondarily the convalescing patients 
may manifest with post-infective demyelinating neurological compli
cations like acute myelitis and Gullian Barre syndrome [78,79]. Very 
rarely patients may present with ocular complications like viral 
conjunctivitis [80]. COVID-19 patients also have increased risk of 
thrombo-embolism including disseminated intravascular coagulation 
(DIC). Cutaneous manifestations like erythematous exanthem, livedo 
reticularis, Cutaneous vasculitis, Urticaria, Chickenpox -like blisters and 
Covid toes (digital infarcts) were also documented [81]. 

6.1. COVID-19 in children 

Children are either asymptomatic or pauci-symptomatic (fever (50 
%), cough (38 %), fatigue, rhinorrhoea or nasal congestion) and are less 
likely to have severe infections [82,83]. Gastrointestinal symptoms like 
diarrhoea, abdominal cramps and vomiting, common in children, 
particularly infants and newborns [84]. A rare inflammatory syndrome 
affecting children displaying overlapping signs of severe COVID-19, 
toxic shock syndrome and Kawasaki disease has been reported in 
many Western countries. These children present with abdominal pain, 
other gastrointestinal symptoms, and signs of myocardial damage 
(elevated troponin and pro-B-type natriuretic peptide levels) as well as 
coronary artery inflammation similar to Kawasaki disease. [85]. 

6.2. Laboratory parameters 

COVID-19 positive patients frequently exhibit hematologic abnor
malities in the form of lymphopenia, leukopenia, and thrombocyto
penia, along with elevated levels of liver enzymes, lactate 
dehydrogenase, prothrombin time and D-dimers [72]. Lymphopenia is 
associated with disease severity and mortality [1]. Acute phase reactants 
such as CRP, ferritin and procalcitonin and pro-inflammatory cytokine 
levels were higher in COVID-19 than healthy adults [86]. COVID-19 
patients needing ICU management when compared to non-ICU pa
tients had higher plasma levels of pro-inflammatory cytokines (IL2, IL7, 
IL10, GSCF, IP10, MCP1, MIP1A, and TNFα), increased total WBC and 
neutrophil counts, higher levels of D-dimer, creatine kinase, and creat
inine [31,74]. Similar laboratory findings were seen in Children with 
COVID-19 [29]. 

6.3. Radiological features 

Findings on chest imaging in SARS CoV-2 pneumonia seems to be 
similar to ordinary viral pneumonia, with some peculiarities. Chest X- 
ray and CT changes may be seen even before the detection of the virus 
from swab. In contrast, the chest X-ray may be normal in 31 % of 
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laboratory confirmed COVID-19 cases [87]. The commonest feature on 
chest X-ray is presence of bilaterally symmetrical ground glass opacities 
with or without associated consolidation in the posterior and peripheral 
lung fields [32]. However, the CT findings vary with the duration of 
symptoms [88]. In the initial Phase (Days 2–4) basal multifocal pe
ripheral ground-glass opacities are noted. With disease progression (mid 
Phase (Days 4–7) there is linear opacities developing on a background of 
ground-glass opacities (crazy pavement pattern). In the late Phase (Days 
8–14) the central ground-glass opacities become surrounded by denser 
crescentic shaped consolidation (forming more than three-fourths of a 
circle) or form complete ring of at least 2 mm in thickness- called as 
‘reversed halo sign’ or ‘atoll sign’ [88] Children also exhibit similar 
radiologic features [29]. Chest CT suggesting COVID-19 had 97 % 
sensitivity in concordance with positive RT-PCR. However, in 75 % of 
negative RT-PCR patients, Chest CT alone suggested COVID-19 diag
nosis indicating higher sensitivity for COVID-19 diagnosis by CT. But as 
RT-PCR is the gold standard for confirming diagnosis it should be 
repeated in such circumstances [89]. 

7. Diagnosis 

Though testing of all suspected COVID-19 cases is ideal to contain the 
virus spread early but the limited diagnostic capacity falls short needing 
a priority testing criteria. The various health authorities including WHO, 
Centers for Disease Control and Prevention (CDC) of USA have formu
lated criteria. The criteria for testing by CDC [90] is given in Supple
ment: I. Numerous diagnostic tests are available including molecular 
diagnostic tests (conventional RT-PCR, point of care testing and high 
throughput screening including next generation sequencing (NGS)), 
detection of viral antigens and anti-viral antibodies by serology and viral 
isolation with culture. The molecular diagnostic tests are based on 
detection of three genes- Envelop, RNA dependent RNA polymerase and 
Nucleocapsid by conventional RT-PCR [91]. This test has high sensi
tivity and specificity and hence considered as gold standard and is the 
recommended test for confirmation of SARS CoV-2 infection [91,92]. 
The preferred samples for this test are nasopharyngeal and throat swabs 
as well as lower respiratory samples. The lower respiratory samples 
yield higher positive rates when compared to upper respiratory samples 
[93,94]. These tests may give false negative results especially when the 
viral load is low and hence it should be repeated again with a gap of at 
least 24 h in patients with high index of clinical suspicion. These tests are 
complex, time consuming, expensive and need expertise to perform as 
well as to interpret [91,95,96]. The molecular test based on point of care 
testing using cartridges are rapid and needs less expertise. High 
throughput technologies including NGS can be used for simultaneous 
screening of large number of samples but its application is limited to 
research only due to high expenditure [97]. The serological tests detects 
either the viral antigens (spike protein and nucleo-capsid being target 
antigens), or the antibody response to the virus by 
immuno-chromatography and ELISA methods. Specifically, the antibody 
testing is not helpful in the early phases of infection. Though simple, cost 
effective, easy to perform and interpret, there are chances of false pos
itives especially due to cross reactive antibodies against other HCoVs. 
Additionally, a negative antibody test does not exclude SARS CoV-2 
infection [95,98]. The role of virus isolation and culture as well as 
detection of the virus by its cytopathic effects on cell lines is highly 
limited due to requirements of bio-safety level-3 facility [99,100]. 
Hence it is not recommended by WHO for diagnostic purpose [101] 
Currently the diagnostic tests for detecting SARS CoV-2 infection is 
variable and non-uniform owing to the use of different probes, kits and 
reagents. 

8. Prevention and therapeutic options 

Though there are numerous reports claiming efficacy of various 
drugs and vaccine against COVID-19, none are effective and safe to 

receive approval by regulatory authorities. The management of COVID- 
19 mainly relies on effective implementation of infection preventive and 
control measures and delivery of timely supportive care including oxy
gen therapy and mechanical ventilation as and when indicated. 

8.1. Prevention and control 

As the R0 value is >1 (range 1.4–3.9) [9,10], the main aim of pre
vention is to bring down the R0 to <1. The strategies include identifi
cation of the infected individuals and their contacts (contact tracing) 
and quarantine them under surveillance, proper infection control at the 
hospital and community levels. At the hospital level, the control mea
sures include creating isolation wards and intensive care units for 
admission of symptomatic infected cases, following strict hygiene, 
proper use of personal protective equipment including wearing masks, 
proper sample collection, testing and disposal of potentially infectious 
bio-hazards. At the community level, school closures, avoidance of 
public gatherings, maintaining prescribed norms of social distancing, 
wearing protective masks, emphasis on frequent hand washing with 
soap water/sanitizers and health screening which could be achieved by 
proper health education [2]. Efficiency of intervention strategies such as 
screening of incoming people, wearing masks, quarantine for travellers 
has already been proved [102]. Specifically, reducing travel volume to 
and from China has had a positive impact on transmission dynamics of 
COVID-19 [103]. 

Though preventive vaccines against SARS CoV-2 can be developed 
targeting the spike (S) glycoprotein or its receptor-binding domain 
(RBD), these are made ineffective due to generation of altered immu
nogens in the target proteins owing to rapid mutations and re
combinations [104,105]. In SARS CoV, live attenuated vaccine with the 
deleted structural E gene mutant was effective in producing neutralizing 
antibodies which lowered viral loads and reduced disease severity 
[106]. The development of inactivated vaccines against SARS CoV was 
hindered due to occurrence of harmful immune and/or inflammatory 
responses post challenge [107–109]. Sub-unit vaccines (purified pro
teins combined with adjuvants) and viral vector (adeno virus) vaccines 
against S glycoprotein or its RBD and N protein of SARS CoV and MERS 
CoV elicited higher humoral response as well as enhanced mucosal 
immunity with intranasal administration [110–112]. Furthermore, DNA 
based vaccine against S glycoprotein of MERS CoV also showed robust 
neutralizing antibody response and is currently under clinical trial 
[113]. Based on these reports vaccines for SARS CoV-2 is likely possible. 
However, its efficacy and safety has to be proved before approval. 

8.2. Therapeutic options 

In the absence of specific anti-viral therapy, treatment is mainly 
symptomatic and supportive that includes oxygen therapy, conservative 
fluid management, hemodynamic support and/or mechanical ventila
tion. Mechanical ventilatory support with low tidal volume and low 
inspiratory pressure is indicated when the respiratory distress is re
fractory to conventional oxygen therapy or NIV [2]. Extracorporeal 
membrane oxygenation (ECMO) is indicated in patients with refractory 
hypoxemia despite prone position mechanical ventilation [2]. A recent 
retrospective study identified older age, high sequential organ failure 
assessment score (SOFA) score, and D-dimer greater than 1 μg/mL as 
poor prognostic factors which aid the clinician early in instituting 
aggressive treatment and monitoring for such patients [114]. Steroids, 
and injudicious antibiotic use should be discouraged. Some studies 
report effective use of RNA polymerase inhibitors Remdesivir and 
Immucillin-A as prophylactic and therapeutic agents against HCoVs 
including SARS CoV-2 [115,116]. Anti-malarial drug chloroquine and 
its analogue may show protective effect against virus by decreasing 
intracellular pH but may cause cardiac arrythmias owing to prolonged 
QTc interval in some patients [117]. Monoclonal antibodies against 
interleukin-6 (IL-6) like Sarilumab, Siltuximab, Tocilizumab and 
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interleukin-1 (IL-1) inhibitor like Anakinra may be useful in severe cases 
and may control the effects of SIRS which is the main culprit in the 
pathogenesis of severe cases [118]. Currently, there are 1673 studies 
registered in clinical trials involving various investigational drugs and 
vaccine apart from those mentioned above and are still at phase-I level 
[119]. Theoretically, molecules involved at each step of SARS CoV-2 
pathogenesis may become potential therapeutic targets (Fig. 3). 

9. Conclusion 

To conclude, SARS CoV-2 is highly infective and its control depends 
on strict implementation of preventive measures. Though RT-PCR is the 
gold standard for SARS CoV-2 diagnosis, the results are variable and 
there is scope of false negatives owing to either sampling errors or due to 
usage of different primers and reagents by different vendors. Serologic 
estimations of antibody titres though not helpful for diagnosis, may be 
useful for prognostication and follow-up. Though currently available 
pathologic data is limited, it is of prime importance to unveil the path
ogenesis which will enable the development of therapeutic options. 
However, studies on larger cohorts are needed to validate the findings 
obtained for generalized application. Importantly, due to limited 
availability of time and resources for research during the current 
emergency situation there is a huge lag and gap in understanding 
COVID-19; hence the current review removes the lag and bridges the gap 
and provides pathology centered understanding of the disease. 
Furthermore, the currently approved clinical trials that are in various 
stages of development on all aspects of COVID-19 including vaccines 
and potential therapeutic targets will shed light in future. 
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