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Abstract

Background and Aims: The appearance of Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) gave rise to the global coronavirus disease 2019 (COVID-19) pandemic. SARS-CoV-
2 primarily affects the respiratory system, ranging from mild to severe symptoms. Cancer patients are
at higher risk of severe outcomes and mortality rates due to compromised immune systems.This study
aims to evaluate the clinical findings of cancer patients following infection with SARS-CoV-2,
emphasizing the need for tailored approaches to address challenges during the COVID-19 pandemic.
Methods: The study enrolled a total of 158 individuals, all of whom had previously been diagnosed
with various cancers and tested positive for SARS-CoV-2 with Real-time PCR. Demographic infor-
mation of patients, characteristics of underlying diseases, type of cancer and clinical symptoms with
geographical distribution of Iranian provinces by the Iran Viral Research Network were investigated.
Results: Among 158 patients, 62.65% were male and 37.34% were female. The majority were over
60 years old (55.69%). Leukemia was the predominant cancer (37.34%), followed by genital cancers
and breast cancer (each at 13.51%). Respiratory symptoms were prominent, with shortness of breath
(59.49%) and dry cough (41.77%) being the most common. Other symptoms such as runny nose
(6.32%), sore throat (6.96%), and lethargy (41.77%) were common. Digestive symptoms like anore-
xia (25.31%) and nausea (10.75%) were also observed in a significant percentage of patients. In total,
nine (5.6%) patients passed away during the study.

Conclusion: In conclusion, this study provides insights into the clinical manifestations of SARS-
CoV-2 infection in cancer patients, revealing a higher susceptibility to severe outcomes due to com-
promised immune systems. The majority of patients exhibited respiratory symptoms, with leukemia
being the most prevalent cancer type. These findings underscore the importance of tailored approa-
ches in managing COVID-19 in cancer patients. As the pandemic continues, it is imperative to imple-
ment strategies that mitigate the risk and optimize care for this vulnerable population.
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overstated, as it continues to affect millions
worldwide and has strained healthcare systems
worldwide (2, 3). Investigations in the context
of cancer is of ut-most importance as it affects
millions worldwide. Among the vulnerable po-
pulations at higher risk of severe COVID-19
are cancer patients. The intersection between
cancer and SARS-CoV-2 infection has garner-
ed substantial attention from the scientific and
medical communities (4, 5). Cancer patients
often have compromised immune systems due
to their underlying disease or treatments such
as chemotherapy, which makes them more su-
sceptible to many infection agents, including
SARS-CoV-2. Additionally, the direct and in-
direct effects of viruses on cancer patients,
such as delayed treatments and healthcare dis-
ruptions, further compound the challenges
faced by this already vulnerable population (6,
7).

In this study, we have investigated clinical
manifestations of SARS-CoV-2 in cancer pa-
tients and shedding light on its impact on this
specific population. Our primary objectives
included assessing the common clinical symp-
toms experienced by COVID-19 positive can-
cer patients, evaluating the death rate among
this group, and exploring other potential fac-
tors that may influence disease severity and
outcomes.

Methods and Materials

Study Population

This retrospective study aimed to gather infor-
mation regarding patients suffering from vari-
ous cancers (Table 1) who also tested positive
for SARS-CoV-2. The data collection was con-
ducted at hospitals supervised by the country's
viral diseases research network, encompassing
Ali Asghar, Amin, Amiralmomenin, Imam Kh-
omeini, Hajar, Khansari, Razi, Rouhani, Shari-
ati, Sina, Vali Asr, and Yas Medical Center.
All data were collected from March 2020 to
May 2021.

The eligibility criteria for participation in the
study involved individuals who had previously
received a diagnosis of cancer and rolled out
for other respiratory infections. Additionally,
participants needed to provide demographic
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information and have their clinical symptoms
and characteristics documented. The study en-
rolled a total of 158 individuals, comprising 59
women and 99 men, all of whom had previous-
ly been diagnosed with cancer. It was impera-
tive to include individuals of all age groups,
and hence, there was no age limit set for
participation. The comprehensive demographic
information of the patients can be found in
Table 2, which provides a detailed overview of
the studied population's characteristics. During
this research study, all patients underwent
routine examinations to ensure they were free
from any other viral diseases or co-infections
with viruses in associated hospitals by ELISA.
Additionally, their clinical history was review-
ed to check for inclusion in the study.

Sample Collection and Molecular Assay
Nasal swabs were collected from patients with
respiratory symptoms in the mentioned hospi-
tals (By physicians in the associated hospital).
To maintain the accuracy of the study, all sam-
ples that showed simultaneous infection with
other viruses detected by ELISA or PCR were
excluded. By implementing these stringent cri-
teria, we aimed to ensure the reliability and
validity of the data, thereby enhancing the
overall quality and significance of the research
findings (Table 2). With Real-time PCR we
verified the infection in cases (both RARP and
E genes were examined) (8).

Statistical Analysis

To analyze data, we used the statistical pack-
age IBM SPSS v.27. To describe data, frequen-
cy and percentage were applied. Pearson's chi-
square test was used to investigate the indepen-
dence of symptoms of COVID-19 from sex
and age categories. Fisher's exact test was per-
formed where assumptions of the chi-square
test were not met.

Results
Demographic Data

In this research, a retrospective study of 158
patients underwent examination, with a break-
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down of 99 (62.65%) male and 59 (37. 34%)
female participants.

Table 1. Percentage of each cancer in patients involved
in the study.

Variable N Percentage
Blood Cancer 59 37.34
Gastrointestinal Cancer 20 12.78
Genitourinary Cancer 25 1351
Head and neck cancer 6 3.79
Breast Cancer 25 13,51
Lung cancer 4 2.53
head cancer 8 5.06
Multiple 5 3.16
other 6 3.79

Table 2. Demographic data of individuals participated in
the study.

Variable N Percentage
Gender
Male 99 62.65
Female 59 37.34
Age
0-20 3 1.89
20-60 67 42.40
60< 88 55.69
City
Tehran 106 67.08
Mazandaran 17 10.75
Fars 7 4.43
Markazi 6 3.79
Esfahan 5 3.16
Alborz 5 3.16
Hamedan 4 2.53
Khuzestan 4 2.53
;’[‘J‘t’gasa”' 2 1.26
Gilan 1 0.63
Ghom 1 0.63

The study categorized individuals into three
age groups: up to 20 years, 20-60 years, and
over 60 years. Within these groups, there were
3 individuals (1.89%) in the up to 20-year-old
category, 67 individuals (42.4%) in the 20-60-
year-old category, and 88 individuals (55.69%)
in the over 60-year-old category. Most of the

studied people (106 patients), were from The-
ran province. Out of the total participants, 58
individuals passed away during the examina-
tion.

Cancer and Underlying Disorders

The predominant cancer observed in the study
was leukemia, affecting 59 (37.34%) individu-
als. genital cancer (Bladder 6, Uterus 4, Prosta-
te 15) and breast cancer were among the most
prevalent cancers after leukaemia, each accou-
nting for 25 participants (13.51%).

Table 1 provides an overview of the cancer
prevalence among the patients under examina-
tion. In addition to cancer, the most prevalent
underlying condition among the studied sub-
jects was related to blood pressure, affecting
46 indivi-duals (29.11%). A history of surgery
was re-ported in 38 people (24.05%), while
diabetes followed closely with a prevalence of
36 individuals (22.78%). Table 3 provides de-
tails of other underlying diseases, including
heart problems, kidney problems, COPD, as-
thma, allergies, obesity, and immunodeficiency
due to transplantation and the use of immuno-
suppressive drugs. In total, nine patients (all
had leukaemia cancer) had passed away during
the period of the study (P-Value<0.05).

Table 3. Underlying disorders of patients included in the
study.

Variable N Percentage
Cigarettes 8 5.06
Blood pressure 46 29.11
Diabetes 36 22.78
Heart problem 30 0.18
Fatty liver 1 0.63
History of stroke 6 3.79
Chronic renal 15 9.49
COPD 7 4.43
tuberculosis 2 1.26
hyperthyroidism 6 3.79
Asthma 2 1.26
Allergy 1 0.63
History of surgery 38 24.05
Obesity 1 0.63
Bone marrow transplant 2 1.26
Immunosuppress 2 1.26
Total 203 100
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Table 4. Clinical manifestations of SARS-CoV-2 posi-
tive individuals.

Variable N Percentage  P-value

Nausea

Positive 17 10.75 0.593
Negative 141 89.24

Diarrhea

Positive 24 15.18 0.556
Negative 134 84.81

Vomiting

Positive 16 10.12 0.050
Negative 142 89.87

Lethargy

Positive 66 41.77 0.751
Negative 92 58.22

Breath_

shortness

Positive 94 59.49 0.958
Negative 64 40.50

Headache

Positive 15 9.49 0.963
Negative 143 90.50

Dizziness

Positive 8 5.06 0.304
Negative 150 94.93

Myalgia

Positive 52 32.91 0.900
Negative 106 67.08

Cough

Positive 66 41.77 0.01
Negative 92 58.22

Rhinorrhea

Positive 10 6.32 1.000+
Negative 148 93.67

Sore_throat

Positive 11 6.96 0.315
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Negative 147 93.03

Anorexia

Positive 40 25.31 0.332
Negative 118 74.68

Chills

Positive 32 20.25 0.450
Negative 126 79.74

Clinical Manifestations

Among the prevalent respiratory symptoms
observed in patients, shortness of breath stood
out as the most common (59.49%), followed
by dry cough (41.77%), runny nose (25.31%),
and sore throat (6.96%) as notable presenta-
tions. Additionally, other clinical symptoms
such as lethargy, muscle pain, confusion, fever,
chills, and headache were also reported (Table
4). Regarding digestive symptoms, the study
highlighted the presence of nausea (10.75%),
diarrhoea (15.18%), heartache (13.44%), and
anorexia (25.31%) among the subjects. The
most prevalent digestive symptom in cancer
patients exposed to COVID-19 is anorexia and
reversely the lowest prevalence is for nausea
and vomiting. For respiratory symptoms, the
most prevalent symptom is shortness of breath
and the lowest is sore throat and rhinorrhea.

Discussion

Emerging and re-emerging viral diseases con-
tinue to threaten human health. The emergence
of viruses such as SARS-CoV-2 and Monkey-
pox poses great danger with increased morta-
lity rates among nations (9, 10). The COVID-
19 pandemic had a significant impact on clini-
cal research and is expected to affect critical
study outcomes. Iran has experienced hardshi-
ps due to the COVID-19 pandemic (11, 12).
Emerging research has indicated that individu-
als who have recuperated from severe COVID-
19 might face an increased vulnerability to
accelerated cancer progression (13).

Nowadays, several studies are reporting an
association between different viruses and can-
cers that exhibit their connection and physiolo-
gic functions. The connection between viruses
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and cancer triggers is among the most contro-
versial research and new findings are helpful
toward future treatment of this disease such as
HHV-6 for primary brain cancer (14, 15).
There are several reports which indicate
SARS-CoV-2 clinical manifestations in differ-
ent groups of individuals. In a study, it was
found that fever and cough were the most
common symptoms observed in paediatrics,
which is consistent with the symptoms experi-
enced by the general population with COVID-
19 (16).

In a study across China, Liang et al. found that
cancer patients had a higher risk of contracting
SARS-CoV-2 and experiencing severe clinical
outcomes like ICU admission, invasive ventila-
tion, or death compared to non-cancer patients.
According to the findings of this research, 39%
of individuals diagnosed with cancer who con-
tracted COVID-19 experienced severe sympto-
ms, a stark contrast to the 8% rate observed
among COVID-19 patients without a history of
cancer (17). Another multi-centre retrospective
study involving 105 cancer patients diagnosed
with COVID-19 revealed that individuals with
haematological malignancies faced a notably
elevated risk of severe symptoms, with a rate
of 66.67%. Similarly, those with metastatic
solid tumours exhibited a relatively high risk,
with 34.29% experiencing severe symptoms
(18). These studies align with our study which
we found that patients with blood cancer had a
higher mortality rate which has a correlation
with their more severe symptoms following
COVID-19.

According to another retrospective study, the
mortality rate among 218 COVID-19 patients
with cancer from a single medical centre in
New York City surpassed 25%. This rate was
notably 2-3 times higher than that of indivi-
duals without cancer of the same age group,
after adjustment for age (19). Information
gathered from the COVID-19 and Cancer
Consortium (CCC19) cohort study, encompa-
ssing 1,018 patients, indicated markedly eleva-
ted rates of mortality and severe illness among
COVID-19 patients with cancer compared to
the broader population (20). Moreover, find-
ings from another multicenter study revealed
that COVID-19 patients with cancer who

underwent immunotherapy exhibited elevated
rates of severe symptoms (66.67%) and morta-
lity (33.33%). Conversely, patients who under-
went radiotherapy did not demonstrate a note-
worthy rise in the occurrence of severe events
(18).

In our study, 5.6% of our cases with both can-
cer and COVID-19 passed away. This percen-
tage is much more than what we have predict-
ed and shows that cancer patients are at higher
risk of severe symptoms and increased mortali-
ty rate following COVID-19.

In the context of presenting clinical manifesta-
tions, various studies have reported different
symptoms regarding COVID-19 infection. In a
study, Twenty-eight COVID-19-infected can-
cer patients were analyzed, with 60.7% being
male and a median age of 65.0 years. Lung
cancer was predominant (25.0%). Hospital-
associated transmission was suspected in 28.
6% of cases. Common clinical features includ-
ed fever (82.1%), dry cough (81%), and
dyspnea (50.0%) (21). In our study, breath
shortness, lethargy and cough were among the
most prevalent clinical symptoms linked to
COVID-19-positive patients with cancer.
Another study found that individuals who
received the vaccine experienced coughing at
the highest rate of 100%, followed by sore
throat at 72%, and runny nose at 65%. How-
ever, our research has identified distinct symp-
toms, particularly shortness of breath with a
59% incidence rate, followed by dry cough at
41%, runny nose at 25%, and sore throat at 6%
(16). Analysis of clinical symptoms in another
study revealed a similar pattern to our study. In
this study, Cough emerged as the predominant
symptom, affecting over 79% of participants.
Following closely, fever was the second most
common complaint, reported by approximately
62% of individuals. Fatigue ranked third, im-
pacting 57% of the subjects. Conversely, vomi-
ting was the least commonly mentioned symp-
tom, with an incidence of only 14.3% (2). In
another study, sore throat at 65.3% (32/49),
headache at 59.2% (29/49), and cough at 57.
1% (28/49) were reported in patients following
COVID-19 infection which aligns with our
study (22).
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The HIV-positive group are another immuno-
compromised group besides cancer patients,
and SARS-CoV-2 in this group is very impor-
tant due to the probable higher mortality rate.
A study conducted a comparative analysis of
various clinical parameters between COVID-
19 patients with and without HIV infection at
Zhongnan Hospital of Wuhan University from
January 20th to February 14th, 2020. Para-
meters included maximum body temperatures,
duration of fever, chest CT findings, viral she-
dding, lymphocyte counts, and levels of SA-
RS-CoV-2 antibody (23).

In contrast, a study examined PLHIV hospita-
lized for COVID-19 in Chile, comparing their
outcomes with the general population. Among
36 PLHIV, severe COVID-19 occurred in 44.
4%, with 13.9% mortality. Hypertension and
cardiovascular disease were significant morta-
lity risk factors. PLHIV were more likely male
and younger. While PLHIV had higher ICU
admissions, no differences were found in me-
chanical ventilation or mortality compared to
the general population (24).

Recent research suggests a potential link
between the N (nucleocapsid) gene of SARS-
CoV-2, the virus responsible for COVID-19,
and its ability to inhibit apoptosis, a process of
programmed cell death. The N gene plays a
crucial role in viral replication and assembly
within host cells. Studies have shown that this
gene may interfere with cellular pathways
involved in apoptosis, potentially leading to
prolonged cell survival. In cancer, cells often
evade apoptosis, leading to uncontrolled pro-
liferation and tumour growth. If the N gene of
SARS-CoV-2 indeed inhibits apoptosis in
infected cells, it could have significant implica-
tions for cancer patients. Cancer cells already
possess mechanisms to resist apoptosis, and the
additional inhibition by the virus could poten-
tially exacerbate tumour progression. This
could result in more aggressive cancer beha-
viour, metastasis, and poorer outcomes for
cancer patients who contract COVID-19 (25).
However, it's essential to note that this area of
research is still in its early stages, and further
studies are needed to fully understand the
interaction between SARS-CoV-2 and apopto-
sis, as well as its potential impact on cancer
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progression. The prevalent types of cancer
observed in this research were in the order of
blood, genitourinary, breast and gastrointes-
tinal. Adding that we haven’t studied all sorts
of cancers and cancer stages which might pre-
sent different clinical conditions. Patients exhi-
bited a range of clinical symptoms, such as dia-
rrhoea, shortness of breath, lethargy, muscle
pain, headache, anorexia, nausea, vomiting,
and confusion. Being a prospective study, it
doesn’t need a control group. The forthcoming
research directions should concentrate on do-
cumenting the gaps that have been identified in
this paper and making sure that data is collec-
ted consistently.

The outcomes observed in these findings could
potentially be affected by the administration of
drug medications and cancer interventions such
as chemotherapy treatments. To enhance our
understanding, future studies should take into
account these medications and the stage of can-
cer as well. Our study had proper population
numbers by statistical analysis. However, larg-
er populations may be needed for more accu-
rate results in future studies.

Conclusions

In this research, we investigated to determine
the prevalence of SARS-CoV-2 in individuals
with cancer, aiming to better understand its eff-
ects on this vulnerable population. The results
of this study add to the existing knowledge
about the relationship between SARS-CoV-2
and cancer, offering vital insights to aid in the
management and mitigation of COVID-19's
impact on cancer patients.

The most prevalent respiratory symptoms in
patients included shortness of breath (59.49%)
and dry cough (41.77%). Other respiratory sy-
mptoms such as runny nose, phlegm cough,
and sore throat were also noted. The high mor-
tality rate among the participants underscores
the severity of COVID-19 in this vulnerable
population. The study highlights the importan-
ce of close monitoring and tailored care for
cancer patients during the ongoing pandemic.
Understanding the impact of COVID-19 on
cancer patients is crucial for optimizing treat-
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ment strategies and enhancing the outcomes of
this susceptible population.

Acknowledgment

None

Conflict of Interest

No conflict of interest is declared.

Funding

This project is financially supported by the
Tehran University of Medical Sciences, Iran
(Grand ID: 48686).

Ethics Approval and Consent to
Participate

This study is approved by the Ethics Committ-
ees of Tehran University of Medical Sciences
(IR.-TUMS.VCR.REC. 1399.599).

References

1. Babiker A, Marvil CE, Waggoner JJ, Collins MH,
Piantadosi A. The importance and challenges of identi-
fying SARS-CoV-2 reinfections. J Clin Microbiol. 2021;
59(4):e02769-20.

2. Aboofazeli A, Sarrafzadeh S, Garaee Najafabadi A,
Hammami B, Soheili R, Sadeghi A, et al. A Survey on
Respiratory and Neurological Symptoms in Alzheimer’s,
Schizophrenia, Bipolar, and Migraine Patients Follo-
wing COVID-19 Infection. Arch Neurosci. 2023;10(4):
£140959.

3. Shalaby M, Sakoury M, Rabei M, Alzayani A, Ahmed
MS. Covid-19 Pandemic Era. Published online. 2019.

4. Al-Quteimat OM, Amer AM. The impact of the COV-
ID-19 pandemic on cancer patients. Am J Clin Oncol.
2020;43(6):452-55.

5. Sheikhi N, Jamalidoust M, Letafati A, Shahzamani K,
Sanaei Dashti A, Talei G. Association of IL-10 gene in
protection against COVID-19 disease. Jundishapur J
Microbiol. 2023;16(7):e138241.

6. Weller M, Preusser M. How we treat patients with
brain tumour during the COVID-19 pandemic. ESMO
Open. 2020;4(Suppl 2):e000789.

7. Ting FIL, Fernando GY. Double trouble: challenges
of cancer care in the Philippines during the COVID-19
Pandemic. EJMO. 2020;4(2):135-6.

8. Sedighi I, Fahimzad A, Pak N, Khalili M, Shokrollahi
MR, Heydari H, et al. A Multi-Center Retrospective
Study of Clinical features, Laboratory Characteristics,

And Outcomes of 166 Hospitalized Children with
Coronavirus Disease 2019 (COVID-19); A Preliminary
Report from Iranian Network for Research in Viral
Diseases (INRVD). Pediatr Pulmonol. 2022;57(2):498-
507.

9. Yavarian J, Shatizadeh Malekshahi S, Faraji-Zonouz
M, Kalantari S, Zadheidar S, Saghafi S, et al. Impact of
COVID-19 on the changing pattern of human ortho-
pneumovirus (respiratory syncytial virus) infection in
Iran. BMC Infect Dis. 2023;23(1):591.

10. Letafati A, Sakhavarz T. Monkeypox virus: A re-
view. Microb Pathog. 2023;176:106027.

11. Hemati Z, Jahanfar S, Keikha M. COVID-19, sanc-
tions, and importance of scientometric and systematic
review studies in Iran. Int J Prev Med. 2022;13:127.

12. Venkatesan P. COVID-19 in Iran: round 2. Lancet
Infect Dis. 2020;20(7):784.

13. Costanzo M, De Giglio MAR, Roviello GN. Deci-
phering the Relationship between SARS-CoV-2 and
Cancer. Int J Mol Sci. 2023;24(9):7803.

14. Ghorbani S, Letafati A, Khatami A, Farzi R, Shabani
S, Moradi P, et al. Association between human herpes-
virus-6 and primary brain tumors: a systematic review
and meta-analysis. Future Virol. 2022;17(5):305-14.

15. Maskouni EJ, Jamalvandi T, Tabatabaei F, Bouren-
jan Shirazi S, Saadati H, Letafati A, et al. Association
between Epstein-Bar virus and colorectal cancer: A sys-
tematic review and meta-analysis. Microb Pathog. 2023;
179:106087.

16. Letafati A, Eyvazzadeh N, Gharehkhani A, Khorshi-
dian A, Chalabiani S, Khodadoust Soufiani E, et al.
Comparison of AstraZeneca and sinopharm vaccines as
boosters in protection against COVID-19 infection. Bio-
logicals. 2023;82:101668.

17. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et
al. Cancer patients in SARS-CoV-2 infection: a nation-
wide analysis in China. Lancet Oncol. 2020;21(3):335-
7.

18. Dai M, Liu D, Liu M, Zhou F, Li G, Chen Z, et al.
Patients with cancer appear more vulnerable to SARS-
CoV-2: a multicenter study during the COVID-19 out-
break. Cancer Discov. 2020;10(6):783-91.

19. Mehta V, Goel S, Kabarriti R, Cole D, Goldfinger
M, Acuna-Villaorduna A, et al. Case fatality rate of can-
cer patients with COVID-19 in a New York hospital
system. Cancer Discov. 2020;10(7):935-41.

20. Kuderer NM, Choueiri TK, Shah DP, Shyr Y, Ru-
binstein SM, Rivera DR, et al. Clinical impact of CO-
VID-19 on patients with cancer (CCC19): a cohort
study. Lancet. 2020;395(10241):1907-18.

21. Zhang L, Zhu F, Xie L, Wang C, Wang J, Chen R, et
al. Clinical characteristics of COVID-19-infected cancer
patients: a retrospective case study in three hospitals
within Wuhan, China. Ann Oncol. 2020;31(7):894-901.
22. Saeb S, Talei GR, Ghaziasadi A, Letafati A,
Khanizadeh S, Jamalidoust M. Molecular, Immunologi-
cal, and Clinical Characterization of SARS-CoV-2 In-
fection in Breakthrough-Infected Healthcare Workers
During the Last Wave of The Pandemic in Shiraz, Iran.
Jundishapur J Microbiol. 2024;16(11):e142644.

40 Iranian Journal of Virology, Volume 17, Number 1, 2023


https://journal.isv.org.ir/article-1-524-en.html

[ Downloaded from journal.isv.org.ir on 2026-05-19 ]

23. Yang R, Gui X, Zhang Y, Xiong Y, Gao S, Ke H.
Clinical characteristics of COVID-19 patients with HIV
coinfection in Wuhan, China. Expert Rev Respir Med.
2021:15(3):403-9.

24. Ceballos ME, Ross P, Lasso M, Dominguez |, Pu-
ente M, Valenzuela P, et al. Clinical characteristics and
outcomes of people living with HIV hospitalized with

41 Iranian Journal of Virology, Volume 17, Number 1, 2023

Norouzi M et al

COVID-19: a nationwide experience. Int J STD AIDS.
2021;32(5):435-43.

25. Edalat F, Khakpour N, Heli H, Letafati A, Ramezani
A, Hosseini SY, et al. Immunological mechanisms of the
nucleocapsid protein in COVID-19. Sci Rep. 2024;14
(1):3711.


https://journal.isv.org.ir/article-1-524-en.html
http://www.tcpdf.org

