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COVID-19 is a progressive viral disease that caused a significant morbidity and mortality worldwide. Typically, patients
with COVID-19 infection present with clinical manifestations such as dyspnea, cough, fatigue, respiratory failure, and
mediastinal lymphadenopathy. An increase in the size of mediastinal lymph nodes, called mediastinal lymphadenopathy is a
common finding in COVID-infected individuals. In the present study, we aimed to review whether mediastinal
lymphadenopathy is a typical or atypical feature in individuals suffering from COVID-19 infection. PubMed database was
reviewed and a total of 25 articles with 4305 patients were included in the analysis. Bayesian hierarchical models were used
to estimate the pooled proportion and risk difference. The incidence of mediastinal lymphadenopathy was found to be
12.62%. Furthermore, the mortality rate was found to be significantly higher in patients with mediastinal lymphadenopathy
compared to those without mediastinal lymphadenopathy (35.3% vs. 9.4%; P < 0.001), suggesting severity of the condition.
Furthermore, the risk difference for mortality and the overall effect were found to be significant (Z = 3.33; P = 0.0009).
Conclusively, data suggest that mediastinal lymphadenopathy is associated with increased mortality in COVID-19 patients;
however, it is an atypical feature of COVID-19 due to its lower incidence rate.
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Intorduction

Human coronaviruses (CoV) such as severe acute
respiratory syndrome (SARS)-CoV, Middle East
respiratory syndrome (MERS)-CoV, and SARS-CoV-2
induce severe respiratory tract infections and
respiratory distress syndrome, resulting in increased
mortality rate'”. The first case of coronavirus 2 was
diagnosed at a wet animal wholesale market in
Wuhan, Hubei Province, China in December 2019°. In
early 2020, World Health Organization (WHO)
designated coronavirus 2 as COVID-19 and declared
it a pandemic. As per WHO data of January 2024,
there are 774 million confirmed COVID-19 cases”. It
is predominantly transmitted through nasal or mouth
droplets and close contact The incubation period of
COVID-19 1is around five days. The reported
symptoms are mild to high-grade fever, dry cough,
muscular pain, sore throat, headache, cough with
sputum, and chest discomfort’.  Progressive
pneumonia develops 1-2 weeks after the onset of
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symptoms, and 10% of these patients require
intensive care unit (ICU)°.

Early diagnosis and subsequent management of
COVID-19 have been proposed as progressive steps
to decrease the mortality rate. The Centers for
Disease Control and Prevention (CDC) reported the
presence of co-anomaly such as cardiovascular
(60.9%), type II Diabetes Mellitus (39.5%), renal
disease (20.8%), and chronic lung disease (19.2%) in
76.4% of decedents’. To date, reverse transcription-
polymerase chain reaction (RT-PCR) has been
considered the gold standard for the detection and
diagnosis of SARS-CoV-2 infection®. Further, imaging
modalities such as chest X-ray (CXR), ultrasound,
computerized tomography (CT) scan, and single-
photon emission computed tomography (SPECT) and
positron emission tomography (PET) scan play an
important and critical role in the diagnosis of
COVID-19-related pulmonary manifestations’. Studies
in the literature showed that CT has better sensitivity
and specificity than RT-PCR as CT scans may reveal
lung abnormalities in COVID-19 subjects with
negative RT-PCR findings'’.
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As a common CT feature in COVID-19 cases,
mediastinal lymphadenopathy is characterized as the
enlargement of mediastinal lymph nodes with a
short axis more than 10 mm in length''. The incidence
of mediastinal lymphadenopathy was 6% in
COVID-19 cases which has risen to 66% in
severe cases' %, Mediastinal lymphadenopathy is also
associated with sarcoidosis, lymphoma, heart failure,
coccidioidomycosis, and tuberculosis'"*">.

Based on this background, the present study
was proposed to assess whether mediastinal
lymphadenopathy could be considered a typical or not
atypical feature associated with COVID-19.

Materials and Methods

Search strategies
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was reviewed on the PubMed database and
summarized the findings followed by systematic
analysis. The database was searched manually for the
inclusion of the eligible studies (Fig. 1). The following
search terms were used, "mediastinal lymphadenopathy"
or "mediastinal lymph node" or "lymphadenopathy"
with the phrase "COVID" or "coronavirus".

Inclusion and exclusion criteria

Published studies including cohort, case-control,
retrospective, and observational with the reported
occurrence of mediastinal lymphadenopathy in
COVID-19 patients were included in the analysis.
Moreover, the studies in the English language only
were included. The excluded studies were duplicate
studies with the same population, studies with no

The literature on mediastinal lymph node  cases of mediastinal lymphadenopathy, overlapping
enlargement in individuals with COVID-19 infection  studies, and case reports.
5 Articles removed before
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Fig. 1 — Flow chart of the study.
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Data extraction

Two independent researchers searched, screened,
and cross-checked the studies. The extracted data
included publication date of the article, country, study
design, sample size, number of patients with reported
mediastinal lymphadenopathy, age, ICU required,
mortality, and other features.

Statistical analysis

The statistical analysis was performed using
RevMan v. 5 software. Heterogeneity tests were
performed to estimate the level of inconsistency (/)
across the selected publications'®. In the absence of
statistical heterogeneity, a fixed-effects model was
used. Conversely, a random-effects model was used to
identify heterogeneity. The Bayesian hierarchical
models were used to estimate the pooled proportion
and the results were depicted using forest plots.
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Furthermore, the publication bias was assessed using
Egger's and Begg's tests'”.

Results
Search history

By PubMed searching, 337 articles were retrieved
including 41 pertinent articles. After close analysis by
two independent researchers, 25 articles with a total
of 4305 patients were included in the analysis.
Among them, 4087 patients suffered from COVID-19
(age range 17-98 years) comprising 2305 males and
1695 females (gender data from 23 studies). The
incidence of mediastinal lymphadenopathy was found
to be 12.62% (516 patients; 25 studies) (Table 1).

Clinical symptoms and co-morbidities
The most common symptoms were cough (1692 of
2671 patients, 63.3%; 16 studies), fever (1648 of 2536

Table 1 —Study details and patient’s characteristics

Study Study type Study  Yearof Sample Incidence of Age, years Range/ Gender Incidence of
conducted  study size COVID-19, Mean + SD/ M/F ML, n (%)
at (n) n (%) Median (n/n)
Sardanelli et al.'® Retrospective study Italy 2020 410 410 (100) 68 288/122 76 (19)
Shi et al."’ Retrospective study ~ China 2020 81 81 (100) 45.5 42/39 10 (12.3)
Lietal'® - China 2020 83 83 (100) 49.5 44/39 7 (8.4)
Darwish ez al." Retrospective study Saudi 2021 95 95 (100) 18-84 40/55 13 (13.6)
Arabia
Qin et al.”® Retrospective study ~ China 2020 168 88 (52.4) 473+124 42/46 2(2.3)
Grassi et al.”! Retrospective study Italy 2020 134 126 (94) 29-93 89/37 69 (54.8)
Eftekhari Retrospective study Iran 2021 120 120 (100) 22-83 65/55 2(1.7)
Moghadam et al.* 55.9+15.82
Silva et al. Retrospective study Ttaly 2021 280 256 (91.4) 32-98 158/98 15(5.9)
Pakdemirli e al.>*  Retrospective study UK 2020 18 18 (100) 20-89 9/9 3(16.7)
Cinkooglu ef al®  Retrospective study ~ Turkey 2020 185 147 (100) 19-85 70/77 18 (12.2)
48.7
Pilechian et al.*® Case control study Iran 2021 195 195 (100) 60 118/77 35(17.94)
Kaur et al.”’ Retrospective study India 2021 152 152 (100) 51-60 115/37 5(3.3)
Valette et al.®® - France 2020 15 9 (60) - - 6 (66)
Zhao et al.” Retrospective study ~ China 2020 80 80 (100) 17-72 43/37 1(1.3)
Satici et al.* Cross-sectional study  Turkey 2021 650 650 (100) 56.9 + 14.9 333/317 60 (9.2)
Schiaffino et al.*! - Italy 2021 552 552 (100) 65 364/188 87 (16)
Meng et al.** Cohort study China 2020 270 270 (100) 18-65 102/168 4(1.9)
51.9+15.6
Giindiiz et al.* Retrospective study  Turkey 2021 117 117 (100) 73 £18 71/46 14 (11.9)
Du et al.* Retrospective study ~ China 2020 125 125 (100) 16-67 63/62 45 (36)
Luo et al.®® Retrospective study China 2020 140 78 (55.7) 19-79 82/58 2(2.8)
Song et al.* Retrospective study ~ China 2020 51 51 (100) 49 £ 16 25/26 3(6)
Abrishami ef al.’’  Retrospective study Iran 2020 43 43 (100) 27-87 28/15 3(7)
60.7 = 14.4
Khosravi et al.*® Retrospective study Iran 2021 121 121 (100) 61 67/54 6(5)
Meiler et al.® Retrospective study Germany 2020 64 64 (100) 21-88 40/24 18 (28)
Mruk et al.*° Retrospective study ~ Poland 2021 156 156 (100) 28-92 89/67 12 (7.7)

[M/F=Male/Female, ML=Mediastinal lymphadenopathy, SD=Standard deviation, n=number of patients, %=percentage]
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patients, 65%; 16 studies), shortness of breath (993 of
2335 patients, 40%; 14 studies), and body fatigue
(476 of 1608 patients, 29.6%; 11 studies). Other
symptoms included headache (129 of 1390 patients,
9.4%; 7 studies), sore throat (130 of 536 patients,
24.3%; 6 studies), vomiting (47 of 4421 patients,
10.6%; 5 studies), and diarrhea (140 of 1347 patients,
10.4%; 8 studies) (Table 2). At the time of screening,
patients had co-morbidities such as hypertension (492
of 1459 patients, 33.7%; 8 studies), diabetes (368 of
1755 patients, 21%; 8 studies), cardiovascular (460 of
2132 patients, 21.6%; 10 studies), renal (88 of 1005
patients, 8.8%; 4 studies), and respiratory disorders
(107 of 1459 patients, 7.3%; 8 studies). Furthermore,
the C-reactive protein was found to be elevated in 517
patients. The regulation in other laboratory parameters
such as lymphocyte, leukocyte, and the neutrophil
count is shown in Table 2.

CT findings

The details of initial CT imaging findings of
COVID-19 patients from the selected studies are
recorded in Table 3. Lesions were found in a total of
663 patients and are distributed in lobular, subpleural,
and diffuse regions. 2290 (88.1%) patients had
bilateral Iung involvement while 145/1163 (12.5%)
had unilateral lung involvement only. Further, pure
Ground-glass opacity (GGO) (2050 of 3115 patients,
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patients, 32.5%; 17 studies), mixed (836 of 1961
patients, 42.6%; 14 studies), and crazy wavy patterns
(615 of 2277 patients, 27%; 13 studies) were the main
findings. Pleural effusion and vascular thickening
were found in 206 and 125 patients, respectively.

ICU admission and mortality in patients with mediastinal
lymphadenopathy

In total, 316 of 1543 patients (20.5%; 6 studies)
were admitted to ICU. Few studies provided data on
the patients with mediastinal lymphadenopathy who
were admitted to ICU. When the data of patients with
and without mediastinal lymphadenopathy was
compared, a significant increase in the percentage of
patients with mediastinal lymphadenopathy requiring
ICU admission was observed (35% vs 20.4%).
Further, heterogeneity tests revealed /> index of 93%
(Tau’= 2.62; Chi*= 27.16; df = 2; P<0.0001) in these
patients. However, the overall effect was found to be
non-significant (Z = 0.76; P = 0.45). The forest plot is
shown in Fig 2). Next, the publication biasness using
Egger's test (intercept = 1.32, P = 0.71) and Begg's
test (Kendall’s Tau = 0.069, P = 0.97) were found to
be non-significant.

Overall mortality in patients with COVID-19 was
estimated to be 19.6% (402 of 2053 patients;
8 studies). Further, the mortality rate was 35.3% in
patients with mediastinal lymphadenopathy while

73.5%; 20 studies), consolidation (917 of 2819  9.4% in patients without mediastinal
Table 2 — Co-morbidities and laboratory findings of the patients

Hypertension Diabetes Cardiovascular Renal  Respiratory Increased/ Increased/ Increased/ Elevated
Study discase disorders  disorders  Decreased Decreased Decreased C-reactive
n (%) leukocyte  neutrophil lymphocyte protein

count,n/n  count,n/n  count, n/n

Shi et al."” - - - - - - - - 48 (59.2)
Lietal'® 5(6) 7(7.8) 1(1.2) - 5(6) 9/10 17/5 -/44 50 (60.2)
Darwish et al."’ - - - - - 1/23 3/17 2/28 84 (88.4)
Qin et al® - - - - - - - - 32 (36.4)
Eftekhari - - - - - - - - 120 (100)
Moghadam et al®
Silva et al.” 104 (40.6) - 27 (10.5) - 21 (8.2) - - - -
Pakdemirli ez al.** - - - - - - - - 17 (100)
Pilechian er al?® 67 (34.4) 58(29.7) 50 (25.6) 13(6.7)  11(5.6) -3 - -/10 19 (9.74)
Zhao et al.”’ - - - - - 1/41 1/55 - 33 (41.3)
Satici et al.> 226 (34.8) 164 (25.2) 57 (8.8) 2437  24(3.7) - - - -
Schiaffino et al.’! 98 (18) 271 (49) - - - - -
Giindiiz et al.> 44 (37.6) 14(11.9) 19(16.2) 8(6.8)  39(33.3) - - - -
Luo et al.” - - - - - 5/36 - -/56 -
Song et al.*® 5(10) 3(6) 1(2) - 1(2) - - - -
Abrishami et al?”  18(41.9) 16(37.2) 14(32.6) 43 (100) 1(2.3) - - - -
Khosravi et al.*® - - 11(9.1) - - 4/7 4/- 23/- 114 (94.2)
Meiler et al.¥ 23 (37) 8 (12) 9 (14) - 5(8) - - - -
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Table 3 — CT findings of the recruited patients
Multiple ~ Unilateral/ GGO Consolidation GGO + Crazy  Halosign/ Pleural Lobular/
Study lesions  Bilateral lung Consolidation paving Reversed halo effusion Subpleural/Diffuse
n (%) involved pattern sign
Shi et al." - 9/64 53 (65) - 9(11.1) 8 (10) - - -/36/-
Lietall® - -/79 81(97.6) 53 (63.9) - 30 (36.1) - 7 (8.4) -
Darwish et al.’ 55 (57.9) 15/80 48 (49.4) - 48 (50.5) - 29/15 12 (12.6) 70/66/31
Qin et al.”® - - - - - 59 (67) - 4 (4.5) -
Grassi et al.! - 13/109 33(262) 432 89(70.6) 95 (75.4) -/30 18 (14.3) 81/8/24
Eftekhari 94 (78.3) - 119 (99.2) - 110 (92.4) - - - -
Moghadam
etal®
Silva et al.? - -/245 159 (62.1) 4(1.6) 52 (20.3) - - 15(5.9) -/-137
Pakdemirli 11 (61) 0/18 8 (44) 7 (39) 3(17) 4(22) 7/- 7 (39) 18/-/-
etal®
Cinkooglu 129 (89.1) 20/127 121 (82.3) 22(15) 48 (32.7) 32(21.8) 15/22 3(2) 95/41/54
etal®
Kaur et al?’ - 15/121 50(32.9) 28(18.4) 23 (15.1) 13 (8.6) 3/12 5(3.3) -/106/29
Zhao et al.” 80 (100) 4/76 56 (71)  22(27.8) - - - 1(1.3) -/72/-
Satici et al.™ - -/591 628 (96.6) 317 (48.8) - 74 (11.4) -/59 16 (2.5) -
Schiaffino - -/467 172 (31.2) 13 (2) 315 (57.1) 200 - 39 (7) -
et al! (36.2)
Meng et al.* 166 (61.5) - - - - - - - -/75/-
Giindiiz et al.* - - 96 (82)  70(59.8) 46 (39.3) 5(4.2) 2/3 11 (117) -/-/58
Du et al.** 105 (84) 35/70 99 (79.2) 18 (14.4) - - - 0(0) -/33/-
Luo et al.* 23 (32.9) 11/59 27 (38.6) 2(2.8) 41 (58.6) - - 4(5.7 -
Song et al.* - 7/44 39(77)  28(55) 30 (59) - - 4(8) -
Abrishami - 3/40 15(349) 4(09.3) 4(9.3) 7 (16.3) - 9(20.9) -/-/6
etal’
Khosravi et al.*® 8/113 110 (90.9) 96 (79.3) - - - 26 (21.7) 4/66/51
Meiler et al.® - 5/57 62(97)  49(77) - 16 (25) - 13 (20) -/-125
Mruk et al.®° - - 103 (66) 99 (63.5) - 72 (46.2) 6/- 12 (7.7) -
A Patients with ML Patients without ML Risk Difference Risk Difference

Study or Subgroup Events  Total _ Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Khosravi et al 2021 [51] 3 6 4 15 203% 1.61(0.31,8.35) —t

Pilechian etal 2021(39) 23 35 59 334 352%  8.93(4.21,18.96) —

Sardanelli etal 2020 (16] 15 76 45 160 356% 063(0.32,1.22) —a

Total (95% CI) 17 609 100.0%  2.11[0.30, 14.53] e

Total events 4 148

Heterogeneity Tau?= 2.62; Chi*= 27.16,d= 2R < 0.00001); P=93% :001 051 ‘?0 1003

Testfor overall eflect Z=0.76 (P = 0.45) ' Patients with ML | Patients without ML

B Patients with ML Patients without ML Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand: 95% CI

Pilechian et al 2021 39) 14 35 34 334 26.9% 0.300.13,0.46) —e—

Sardanelli etal 2020 (16) 37 76 39 160 33.3% 0.24(0.11,0.37) —a—

Satici et al 2021 (43) 11 60 45 590 39.8% 0.11(0.01,0.21) -

Total (95% CI) 171 1084 100.0% 0.20 [0.08, 0.32] <>

Total events 62 118

Heterogeneity: Tau*= 0.01; Ch*=5.12, df= 2 (P= 0.08); = 61% {1 _0¢5 5 095 15

Test for overall effect: Z= 3.33 (P = 0.0009)

Patients with ML | Patients without ML .

Fig. 2 — Forest plot of (A) ICU admission and (B) mortality in patients with and without mediastinal lymphadenopathy.

lymphadenopathy. The risk difference was found to
be significant, suggesting severe conditions in the

with
The

patients
(P<0.001).

mediastinal
data is

shown

lymphadenopathy
in Table 4.

Heterogeneity tests revealed I* index of 61%
(Tau’= 0.01; Chi*= 5.12; df = 2; P = 0.08) in these
patients. Furthermore, the risk difference for mortality
was calculated and the overall effect was found to be
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Table 4 — Hospitalization status of patients

Study Ventilation  ICU patients ICU patients
[n (%)] with ML
Sardanelli et al.'® - 60 (15) 15 (19.7)
Silva et al.® - 20 (7.8) -
Pakdemirli ez al.?* - - -
Pilechian er al.?® 33 (16.92) 82 (42.1) 23 (65.7)
Valette et al.”® 9 (60) 15 (100) -
Satici ef al. - - -
Schiaffino et al.*' - 92 (17) -
Luo et al.® - - -
Abrishami et al.”’ - - -
Khosravi et al.*® - 47 (38.8) 3(6.4)

Meiler et al.¥ - - -

ICU patients Overall Mortality in Mortality in
without ML mortality ~ COVID-19 patients patients with ML
without ML
45 (13.5) 136 (33.2) 39 (11.7) 37 (48.7)
- 5(27.8) - -
59 (36.9) 48 (24.61) 34 (21.25) 14 (40)
- 56 (8.6) 45 (7.62) 11(18.3)
- 107 (19) - -
- 4(5.1) - -
- 5(11.6) - -
44 (38.3) 36 (29.7) - -
- 9(14) - -

[ICU=Intensive Care Unit, ML=Mediastinal lymphadenopathy, n=number of patients, %=percentage]

significant, suggesting mediastinal lymphadenopathy
is associated with increased mortality in COVID-19
patients (Z = 3.33; P = 0.0009). The forest plot is
shown in Fig 2B.

Discussion

Till date, several types of human coronaviruses
such as CoV 229E, CoV NL63, CoV 0OC43, and CoV
HKUT1 have been known as endemics throughout the
world while COVID-19 is considered as a pandemic
with a high mortality rate'. It has also been associated
with development of mediastinal lymphadenopathy in
the infected patients. Our analysis revealed the
estimated incidence of mediastinal lymphadenopathy
in COVID-19 patients as 12.62%. However, reports in
the literature suggest the incidence range of 1 to 6
percent4. Hence, the enlargement of mediastinal
lymph nodes may or may not be considered the
typical characteristic of COVID-19.

COVID-19 infection is usually accompanied by
modest symptoms, if not asymptomatic’. In our
analysis, the typical symptoms in the symptomatic
patients included fever (65%), dry cough (63.3%),
muscular pain (29.6%), and dyspnea (40%). Further,
hypertension (33.7%), diabetes (21%), and ischemic
heart disecase (21.6%) as the major comorbidities
presented in patients suffering from COVID-19.
Evidence in the literature reported that a “cytokine
storm” seems to occur in certain individuals with
severe COVID-19 infection”*>. In the present
analysis, C-reactive protein was elevated in 58.7% of
patients along with a significant decrease in
lymphocyte, neutrophil, and leukocyte counts.

Furthermore, Chest CT is found to be more
sensitive than conventional radiographic techniques in

identifying lung abnormalities such as ground-glass
opacities, consolidations, or other lesions that may not
appear clearly on an X-ray®. For instance, CT chest
often reveals the involvement of bilateral lung with
multi-lobar GGO majority in posterior distribution,
particularly in the lower lobes and rarely in the right
middle lobe*. At later stages, CT findings showed
consolidation, linear opacities, bilateral and peripheral
disease, crazy paving pattern, and reserved halo sign,
all of which indicate greater total lung involvement
and are associated with longer infection duration.
Corroboratively, CT scan is considered the best
imaging modality for the diagnosis of mediastinal
lymphadenopathy™.

Further, it has been observed that COVID-19
patients with lymphadenopathy were more serious
and admitted to ICU as compared to COVID-19
patients without mediastinal lymphadenopathy.
However, the overall effect of lymphadenopathy on
ICU admission was found to be non-significant
(P>0.05). COVID-19 is associated with a high
mortality rate. An association with lymphadenopathy
further increases the mortality in affected patients. In
the analysis, the overall effect of lymphadenopathy on
the mortality rate was found to be significant,
suggesting that lymphadenopathy is associated with a
high mortality rate in patients with COVID-19
(P<0.05).

Substantial reports in the literature suggest that
mediastinal lymphadenopathy is a post effect of
COVID-19 vaccination***’. Since December 2020, a
variety of vaccines based on mRNA, vector, and
protein subunit methods against COVID-19, have
been introduced into the market. Several countries
around the world have begun mass immunization
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programs. The Food and Drug Administration (FDA)
of the United States approved Pfizer-BioNTech and
Moderna®.  Although vaccinations have many
advantages and are very efficient in many situations.
Only minor and insignificant adverse effects have
been reported till now". However, several serious
side effects were discovered during physical
examinations, including lymphadenopathy, which was
seen in 0.3 percent and 1.1 percent of the Pfizer-
BioNTech and Moderna vaccines™’. Ample number of
reports has been published in the literature that
associates mediastinal lymphadenopathy with post-
COVID-19 vaccination® ™.

This study has several limitations: firstly, data
specifically on mediastinal lymphadenopathy is very
limited. Out of 25 articles, only 3 articles provided
data on ICU admission and mortality. Secondly, CT
data was not available especially for the patients
affected with mediastinal lymphadenopathy.

Conclusion

Mediastinal lymphadenopathy has been reported
rarely in the early cases of COVID-19. However, it is
found more common in critically ill individuals.
During COVID-19 pandemic, it was difficult to assess
the entire clinical state of patients to aid in the
diagnosis and treatment. After a comprehensive
analysis, we observed that the incidence rate of
mediastinal lymphadenopathy in COVID-19 patients
is low however, mortality rate is high. It may infer
that mediastinal lymphadenopathy is a predictor but
atypical feature of COVID-19. Further research is
needed to investigate the host response to viral
infection and to inform the management of COVID-
19 patients with mediastinal lymphadenopathy.

Contflict of interest
The authors declare no competing interests.

References

1 Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M,
Levantovsky R, Malle L, Moreira A, Park MD, Pia L, Risson
E, Saffern M, Salomé B, Esai Selvan M, Spindler MP, Tan J,
van der Heide V, Gregory JK, Alexandropoulos K, Bhardwaj
N, Brown BD, Greenbaum B, Giimiis ZH, Homann D,
Horowitz A, Kamphorst AO, Curotto de Lafaille MA,
Mehandru S, Merad M & Samstein RM. Sinai Immunology
Review Project, Immunology of COVID-19: Current State of
the Science. Immunity, 52 (2020) 910.

2 Sharma A, Tiwari S, Deb MK & Marty JL. Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2): a global
pandemic and treatment strategies. Int J Antimicrob Agents,
56 (2020) 106054.

10

11

12

13

14

15

16

17

INDIAN J EXP BIOL, AUGUST 2025

Worobey M, Levy JI, Malpica Serrano L, Crits-Christoph A,
Pekar JE, Goldstein SA, Rasmussen AL, Kraemer MUG,
Newman C, Koopmans MPG, Suchard MA, Wertheim JO,
Lemey P, Robertson DL, Garry RF, Holmes EC, Rambaut A
& Andersen KG. The Huanan Seafood Wholesale Market in
Wuhan was the early epicenter of the COVID-19 pandemic.
Science, 377 (2022) 951.

Cucinotta D & Vanelli M. WHO Declares COVID-19 a
Pandemic. Acta Biomed, 91 (2020) 157.

Struyf T, Deeks JJ, Dinnes J, Takwoingi Y, Davenport C,
Leeflang MM, Spijker R, Hooft L, Emperador D, Domen J,
Tans A, Janssens S, Wickramasinghe D, Lannoy V, Horn
SRA & Van den Bruel A. Cochrane COVID-19 Diagnostic
Test Accuracy Group, Signs and symptoms to determine if a
patient presenting in primary care or hospital outpatient
settings has COVID-19. Cochrane Database Syst Rev,
2 (2021) CD0O13665.

Laino ME, Ammirabile A, Lofino L, Lundon DJ, Chiti A,
Francone M & Savevski V. Prognostic findings for ICU
admission in patients with COVID-19 pneumonia: baseline
and follow-up chest CT and the added value of artificial
intelligence. Emerg Radiol, 29 (2022) 243.

Leon-Abarca JA, Memon RS, Rehan B, Iftikhar M &
Chatterjee A. The impact of COVID-19 in diabetic kidney
disease and chronic kidney disease: A population-based
study. Acta Biomed, 91 (2022) €2020161.

Binny RN, Priest P, French NP, Parry M, Lustig A, Hendy
SC, Maclaren OJ, Ridings KM, Steyn N, Vattiato G & Plank
MJ. Sensitivity of Reverse Transcription Polymerase Chain
Reaction Tests for Severe Acute Respiratory Syndrome
Coronavirus 2 Through Time. J Infect Dis, 227 (2022) 9.
Aljondi R & Alghamdi S. Diagnostic Value of Imaging
Modalities for COVID-19: Scoping Review. J Med Internet
Res, 22 (2020) e19673.

Santura I, Kawalec P, Furman M & Bochenek T. Chest
computed tomography versus RT-PCR in early diagnostics
of COVID-19 - a systematic review with meta-analysis.
Pol J Radiol, 86 (2021) e518.

Taweesedt PT & Surani S. Mediastinal lymphadenopathy in
COVID-19: A review of literature. World J Clin Cases,
9(2021) 2703.

Lee JE, Jeong WG, Nam BD, Yoon SH, Jeong YJ, Kim YH,
Kim SJ & Yoo JY. Impact of Mediastinal Lymphadenopathy
on the Severity of COVID-19 Pneumonia: A Nationwide
Multicenter Cohort Study. J Korean Med Sci, 37 (2022) e78.
Kaur H, Ahuja J, Singh P, Dhillon NK, Samagh N & Tiwari
P. Necrotic mediastinal lymphadenopathy: Tuberculosis or
Sarcoidosis, a diagnostic conundrum - A case report and
review of the literature. J Family Med Prim Care, 11 (2022)
7425.

Stogiannis D, Siannis F & Androulakis E. Heterogeneity in
meta-analysis: a comprehensive overview. Int J Biostat,
20 (2023) 169.

Imrey PB. Limitations of Meta-analyses of Studies With
High Heterogeneity. JAMA Netw Open, 3 (2020) e1919325.
Sardanelli F, Cozzi A, Monfardini L, Bna C, Foa RA,
Spinazzola A, Tresoldi S, Cariati M, Secchi F & Schiaffino
S. Association of mediastinal lymphadenopathy with
COVID-19 prognosis. Lancet Infect Dis, 20 (2020) 1230.

Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y &
Zheng C. Radiological findings from 81 patients with



18

19

20

21

22

23

24

25

26

27

28

29

30

31

ROY et al.: COVID-19 INFECTION AND MEDIASTINAL LYMPHADENOPATHY

COVID-19 pneumonia in Wuhan, China: a descriptive study.
Lancet Infect Dis, 20 (2020), 425.

Li K, Wu J, Wu F, Guo D, Chen L, Fang Z & Li C. The
Clinical and Chest CT Features Associated With Severe and
Critical COVID-19 Pneumonia. Invest Radiol, 55 (2020)
327.

Darwish HS, Habash MY & Habash WY. Chest computed
tomography imaging features in patients with coronavirus
disease 2019 (COVID-19). J Int Med Res, 49 (2021)
3000605211010631.

Qin C, Liu F, Yen TC & Lan X. 18F-FDG PET/CT findings
of COVID-19: a series of four highly suspected cases.
Eur J Nucl Med Mol Imaging, 47 (2020) 1281.

Grassi R, Fusco R, Belfiore MP, Montanelli A, Patelli G,
Urraro F, Petrillo A, Granata V, Sacco P, Mazzei MA,
Feragalli B, Reginelli A & Cappabianca S. Coronavirus
disease 2019 (COVID-19) in Italy: features on chest
computed tomography using a structured report system. Sci
Rep, 10 (2020) 17236.

Eftekhari Moghadam AR, Fazelinejad Z, Nashibi R & Pour
MB. CT Characteristics of Coronavirus Disease 2019
Pneumonia and Its Association with C-Reactive Protein,
Erythrocyte Sedimentation Rate and Gender. Adv Biomed
Res, 11 (2021) 10.

Silva M, Ledda RE, Schiebler M, Balbi M, Sironi S, Milone
F, Affanni P, Milanese G & Sverzellati N. Frequency and
characterization of ancillary chest CT findings in COVID-19
pneumonia. Br J Radiol, 94 (2021) 20200716.

Pakdemirli E, Mandalia U & Monib S. Characteristics of
Chest CT Images in Patients With COVID-19 Pneumonia in
London, UK. Cureus, 12 (2020) e10289.

Cinkooglu A, Hepdurgun C, Bayraktaroglu S, Ceylan N &
Savas R. CT imaging features of COVID-19 pneumonia:
initial experience from Turkey. Diagn Interv Radiol,
26 (2020) 308.

Pilechian S, Pirsalehi A &Arabkoohi A. Mediastinal
lymphadenopathy and prognosis of COVID-19 disease. ran
J Microbiol, 13 (2021) 495.

Kaur N, Sahoo SS, Chhabra HS, Kaur A, Singh N & Garg S.
High-resolution chest computed tomography findings of
coronavirus disease 2019 (COVID-19) - A retrospective
single center study of 152 patients. J Family Med Prim Care,
10 (2021) 3753.

Valette X, du Cheyron D & Goursaud S. Mediastinal
lymphadenopathy in patients with severe COVID-19. Lancet
Infect Dis, 20 (2020) 1230.

Zhao X, Liu B, Yu Y, Wang X, Du Y, Gu J & Wu X. The
characteristics and clinical value of chest CT images of novel
coronavirus pneumonia. Clin Radiol, 75 (2020) 335.

Satici C, Cengel F, Gurkan O, Demirkol MA, Altunok ES &
Esatoglu SN. Mediastinal lymphadenopathy may predict
30-day mortality in patients with COVID-19. Clin Imaging,
75 (2021) 119.

Schiaffino S, Albano D, Cozzi A, Messina C, Arioli R, Bna
C, Bruno A, Carbonaro LA, Carriero A, Carriero S, Danna
PSC, D'Ascoli E, De Berardinis C, Della Pepa G, Falaschi Z,
Gitto S, Malavazos AE, Mauri G, Monfardini L, Pasche A,
Rizzati R, Secchi F, Vanzulli A, Tombini V, Vicentin I,
Zagaria D, Sardanelli F & Sconfienza LM. CT-derived Chest
Muscle Metrics for Outcome Prediction in Patients with
COVID-19. Radiology, 300 (2021) E328.

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

641

Meng Q, Liu W, Gao P, Zhang J, Sun A, Ding J, Liu H &
Lei Z. Novel Deep Learning Technique Used in Management
and Discharge of Hospitalized Patients with COVID-19 in
China. Ther Clin Risk Manag, 16 (2020) 1195.

Giindiiz Y, Karabay O, Erdem AF, Arik E & Oztiirk MH.
Evaluation of initial chest computed tomography (CT)
findings of COVID-19 pneumonia in 117 deceased patients:
a retrospective study. Turk J Med Sci, 51 (2021) 929.

Du S, Gao S, Huang G, Li S, Chong W, Jia Z, Hou G, Wang
YXJ & Zhang L. Chest lesion CT radiological features and
quantitative analysis in RT-PCR turned negative and clinical
symptoms resolved COVID-19 patients. Quant Imaging Med
Surg, 10 (2020) 1307.

Luo N, Zhang H, Zhou Y, Kong Z, Sun W, Huang N &
Zhang A. Utility of chest CT in diagnosis of COVID-19
pneumonia. Diagn Interv Radiol, 26 (2020) 437.

Song F, Shi N, Shan F, Zhang Z, Shen J, Lu H, Ling Y, Jiang
Y & Shi Y. Emerging 2019 Novel Coronavirus (2019-nCoV)
Pneumonia. Radiology, 295 (2020) 210.

Abrishami A, Khalili N, Dalili N, Khaleghnejad Tabari R,
Farjad R, Samavat S, Neyriz Naghadehi A, Haghighatkhah
H, Nafar M & Sanei-Taheri M. Clinical and Radiologic
Characteristics of COVID-19 in Patients With CKD.
Iran J Kidney Dis, 14 (2020) 267.

Khosravi B, Aghaghazvini L, Sorouri M, Naybandi Atashi S,
Abdollahi M, Mojtabavi H, Khodabakhshi M, Motamedi F,
Azizi F, Rajabi Z, Kasaeian A, Sima AR, Davarpanah AH &
Radmard AR. Predictive value of initial CT scan for various
adverse outcomes in patients with COVID-19 pneumonia.
Heart Lung, 50 (2021) 13.

Meiler S, Schaible J, Poschenrieder F, Scharf G, Zeman F,
Rennert J, Pregler B, Kleine H, Stroszczynski C, Zorger N &
Hamer OW. Can CT performed in the early disease phase
predict outcome of patients with COVID 19 pneumonia?
Analysis of a cohort of 64 patients from Germany.
Eur J Radiol, 131 (2020) 109256.

Mruk B, Walecki J, Gorecki A, Kostkiewicz A & Sklinda K.
Chest Computed Tomography (CT) as a Predictor of Clinical
Course in Coronavirus Disease. Med Sci Monit, 27 (2021)
€931285.

Hu B, Huang S & Yin L. The cytokine storm and
COVID-19. J Med Virol, 93 (2021) 250.

Castelli V, Cimini A & Ferri C. Cytokine Storm in
COVID-19: "When You Come Out of the Storm, You Won't
Be the Same Person Who Walked in”. Front Immunol,
11 (2020) 2132.

Kwee TC & Kwee RM. Chest CT in COVID-19: What the
Radiologist Needs to Know. Radiographics, 40 (2020) 1848.
Parekh M, Donuru A, Balasubramanya R & Kapur S. Review
of the Chest CT Differential Diagnosis of Ground-Glass
Opacities in the COVID Era. Radiology, 297 (2020) E289.
Zarifian A, Ghasemi Nour M, Akhavan Rezayat A,
Rahimzadeh Oskooei R, Abbasi B & Sadeghi R. Chest CT
findings of coronavirus disease 2019 (COVID-19):
A comprehensive meta-analysis of 9907 confirmed patients.
Clin Imaging, 70 (2021) 101.

Trikannad A, Vellanki S & Kunapareddy G. Mediastinal
Lymphadenopathy ~ After Covid-19 Vaccine: Staging
Dilemma In Oncology Patients. Chest. 160 (2021) A1460.
Khatri G, Priya, Saleem MB, Kumar A & Hasan MM.
Mediastinal lymphadenopathy: A serious complication in



642

48

49

50

51

INDIAN J EXP BIOL, AUGUST 2025

COVID-19 patients. Ann Med Surg (Lond). 79 (2022)
104039.

Jain S, Venkataraman A, Wechsler ME & Peppas NA.
Messenger RNA-based vaccines: Past, present, and future
directions in the context of the COVID-19 pandemic. Adv
Drug Deliv Rev, 179 (2021) 114000.

Moghadas SM, Vilches TN, Zhang K, Wells CR, Shoukat A,
Singer BH, Meyers LA, Neuzil KM, Langley JM, Fitzpatrick
MC & Galvani AP. The impact of vaccination on COVID-19
outbreaks in the United States. Clin Infect Dis, 73 (2021) 2257.
Keshavarz P, Yazdanpanah F, Rafiee F & Mizandari M.
Lymphadenopathy  Following COVID-19 Vaccination:
Imaging Findings Review. Acad Radiol, 28 (2021) 1058.
Mortazavi S. Coronavirus disease (COVID-19) vaccination
associated axillary adenopathy: Imaging findings and follow-

52

53

54

55

up recommendations in 23 women. Am J Roentgenol, 217
(2021) 857.

Shah S, Wagner T, Nathan M & Szyszko T. COVID-19
vaccine-related lymph node activation - patterns of uptake on
PET-CT. BJR Case Rep, 7 (2021) 20210040.

Xu G & Lu Y. COVID-19 mRNA Vaccination-Induced
Lymphadenopathy Mimics Lymphoma Progression on FDG
PET/CT. Clin Nucl Med, 46 (2021) 353.

Oziitemiz C, Potter DA, Oziitemiz AOQ & Steinberger D.
Lymphadenopathy after the third Covid-19 vaccine. Curr
Probl Cancer Case Rep, 4 (2021) 100127.

Mehta N, Sales RM, Babagbemi K, Levy AD, McGrath AL,
Drotman M & Dodelzon K. Unilateral axillary Adenopathy
in the setting of COVID-19 vaccine, Clin Imaging,
75(2021) 12.



