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Abstract

would increase the risk of viral transmission.

viral RNA in serial samplings of biological liquids.

Background: The contamination of body fluids by Severe Acute Respiratory Syndrome Coronavirus 2 during surgery
is current matter of debate in the scientific literature concerning CoronaVlrus Disease 2019. Surgical guidelines were
published during the first wave of the COVID-19 pandemic and recommended to avoid laparoscopic surgery as much
as possible, in fear that the chimney effect of high flow intraperitoneal gas escape during, and after, the procedure

Aim: The aim of this study was to evaluate the possibility of SARS-CoV-2 transmission during surgery by searching for

Methods: This is a single center prospective cross-sectional study. We used a real-time reverse transcriptase (RT) pol-
ymerase chain reaction (PCR) test to perform swab tests for the qualitative detection of nucleic acid from SARS-CoV-2
in abdominal fluids, during emergency surgery and on the first post-operative day. In the case of thoracic surgery, we
performed a swab test of pleural fluids during chest drainage placement as well as on the first post-operative day.

Results: A total of 20 samples were obtained: 5 from pleural fluids, 13 from peritoneal fluids and two from biliary
fluid. All 20 swabs performed from biological fluids resulted negative for SARS-CoV-2 RNA detection.

Conclusion: To date, there is no scientific evidence of possible contagion by laparoscopic aerosolization of SARS-
CoV-2, neither is certain whether the virus is effectively present in biological fluids.
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Background

The possible contamination of body fluids by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) during surgery is a recent topic of discussion in
the scientific literature concerning COronaVIrus Disease
2019 (COVID-19) [1].
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Previous studies on different viruses reported that
viruses like hepatitis B virus, HIV, and HPV were previ-
ously detected in aerosolizations of biological liquids,
during laparoscopic surgery [2—-5].

Based on these data, the use of personal protective
equipment (PPE) was advocated by national and interna-
tional guidelines as the best method to reduce the risk of
contamination in theatre staff, especially during aerosol-
generating procedures.

In May 2020, the European Society of Coloproctology
released a joint statement with the European Association
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of Endoscopic Surgery (EAES) and the Society of Ameri-
can Gastrointestinal and Endoscopic Surgeons (SAGES)
recommending pre-operatory COVID-19 testing for all
surgical patients, intubation and extubation in negative
pressure rooms, and appropriate filtration and ventila-
tion of the operating rooms in case of suspected or con-
firmed COVID-19 patients [6]. Surgical guidelines were
published during the first wave of the pandemic and
recommended to avoid laparoscopic surgery as much
as possible, in fear that the chimney effect of high flow
intraperitoneal gas escape during and after the procedure
would increase the risk of viral transmission. However,
recent systematic reviews investigated the role of surgi-
cal aerosol and COVID-19 infection, concluding that, to
date, still no evidence of a link between the two factors
exists [7, 8].

Although the absence of the virus in laparoscopic
fumes seems to be demonstrated, there are still insuffi-
cient data concerning the risk of contagion from biologi-
cal fluids during surgery. Some considerations for and
against the possibility of a viral translocation exist: first, it
is widely known that peritoneal membranes have a maxi-
mum pore diameter ranging from 20 to 40 nm, while the
diameter of SARS-CoV-2 virion measures approximately
50-200 nm. For this reason, it is not possible to exclude a
theoretical transmigration of the virus across the barrier
represented by the peritoneal membrane, especially in
case of increased permeability (inflammation) or damage.

Furthermore, the cell membrane protein angiotensin-
converting enzyme-2 (ACE-2) is the key for receptor-
mediated cell entry of SARS-CoV-2. This protein is
expressed in pneumocytes (type II alveolar cells) as well
as in the gastrointestinal tract (in particular in ileal and
colonic enterocytes) and it may represent “the access
door” through the peritoneal membrane during surgery,
both open and laparoscopic [9].

Despite the theoretical risk of contamination, only few
case reports confirmed the presence of SARS-CoV-2 in
abdominal fluids [10-12], while some researchers also
reported the viral involvement of pleural fluids [13-16].

The aim of this study was to evaluate the possibility
of viral transmission of SARS-CoV-2 during surgery by
searching for viral RNA in serial samplings of biological
liquids.

Material and methods

This is a single center prospective cross-sectional
study, performed in a hospital serving a wide and low
densely populated rural area in the province of Fer-
rara, Italy. We used a real time reverse transcriptase
(RT) polymerase chain reaction (PCR) test to per-
form swab tests for qualitative detection of nucleic
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acid from SARS-CoV-2 (Alinity m SARS-CoV-2 assay,
Abbott, USA). For abdominal fluids, a first abdominal
swab sample was performed at the time of abdominal
incision, while a second swab sample was collected at
the end of the surgical operation, before washing the
abdominal cavity with saline solution. In case of chol-
ecystectomy, a biliary swab test was also collected.
On the first post-operative day, a swab sample of fluid
from the abdominal drainage (if placed) was collected
together with a naso-pharyngeal swab. In thoracic sur-
gery, we performed a swab test of pleural fluids during
chest tube placement as well as on the first post-opera-
tive day.

In order to review the literature on this topic, we used
the advanced searching function of PubMed library.
The key words used were the following: “Peritoneal
Fluid’, “Pleural Fluid’, “COVID” and “SARS-CoV-2”
The research was limited to studies written in English,
including adult patients (older than 18 years): we found
a total of 13 articles concerning abdominal fluids and 4
about thoracic fluids.

Results

From February 2020 to May 2021, a total of 8 COVID-
19 patients underwent emergency surgery (Additional
file 1: Table S1); 5 were females and 3 males, while the
mean age was 78 years (range 44—92 years); 2 patients
were operated during the first wave of the pandemic,
2 more during the second wave, and 4 during the
third wave. The following surgical procedures were
performed:

o 3 chest tube placements for pneumothorax (one
male and two females)

+ 2 open sigmoid Hartmann resections for perforated
diverticulitis (both females)

+ 1 exploratory laparotomy for massive bowel infarc-
tion (male)

« 1 laparoscopic cholecystectomy (male)

+ 1 open cholecystectomy (male)

A total of 20 samples were obtained in 8 patients:
5 from pleural fluids (all in patients with pneumo-
thorax), 13 from peritoneal fluids, and 2 from biliary
fluid. 6 out of 8 patients had a diagnosis of COVID-
19 related pneumonia, while two of them did not have
lung involvement by SARS CoV-2. All subjects were
tested positive for SARS-CoV-2 RNA detection through
naso-pharyngeal swab. 4 patients died during hospi-
talization, those with pneumothorax and the one with
massive bowel infarction. All 20 swabs performed from
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biological fluids resulted negative for SARS-CoV-2
RNA detection.

Discussion

This study focused on evaluating the presence of SARS-
CoV-2 RNA in a total of 20 peritoneal and pleural fluid
samples from 8 COVID-19 patients (5 females and 3
males) who underwent emergency surgery over a period
of 15 months.

Based on our single center experience, we could not
demonstrate the presence of the virus in any of the sam-
ples. Overall, we investigated a total of 8 patients with
positive SARS-CoV-2 RNA naso-pharyngeal swab under-
going emergency surgery. With the limits of the small
size of sampling, we registered a prevalence of females
(5 out 8 patients, 62.5%) and a greater number of swabs
performed from peritoneal fluid (13 against 5 taken from
pleural fluid and 2 from bile). 4 out of 8 patients died dur-
ing hospitalization due to the progressive deterioration of
their clinical condition.

In a recent article, some Authors performed SARS-
CoV-2 RT-PCR assay from the peritoneal effluent after
dialysis of a symptomatic COVID-19 patient: the assay
was performed twice after 6-h duration of dwells with-
out centrifugation, but it resulted negative in both sam-
ples [17]. There are only few cases reporting positive
peritoneal swab test (RT-PCR assays), but in these cases,
patients were often affected by conditions that could the-
oretically favor the diffusion of fluids across the perito-
neal membranes, such as kidney transplant in a patient
with hepatic cirrhosis [12], peritoneal dialysis [18], and
bowel contamination during emergency surgery [11].

Some authors also reported the presence of SARS-
CoV-2 RNA within the intestinal tissues during upper
gastrointestinal surgery [19] or inside the appendix and
its lymph node [20]. However, none of these studies high-
lighted the presence of the virus in the peritoneal fluid.
Spontaneous pneumothorax is a possible complication of
COVID-19 pneumonia and it may occur even in patients
not treated with mechanical ventilation or high-flow oxy-
gen therapy, even if such reports seem to be anecdotic
[21]. With respect to patients with SARS-CoV-2 pneu-
monia, the prevalence of pleural effusion can be as high
as 14% [14]. However, we found only 4 articles concern-
ing the involvement of pleural fluids by SARS-CoV-2 (all
subjects were tested positive for RNA detection through
RT-PCR assay): specifically, a 61-year-old man who
underwent kidney transplant [13], a 71-year-old Afro-
American man with no comorbidities [14], a 68-year-old
Chinese man with lung cancer and an Italian 72-year-old
man with only hypertension in his clinical history [16].

The presence of SARS-CoV-2 RNA in other tissues,
such as sputum and stool, was already demonstrated [22].
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Tests of feces with molecular swabs allowed to detect
SARS-CoV-2 RNA in a percentage of infected patients
ranging from one third to one half, suggesting the poten-
tial local viral translocation in particular favorable condi-
tions [23]. To date, based on the available scientific data,
the probability of contagion by laparoscopic aerosoliza-
tion of the virus is low and even lower is the evidence
documenting the presence of SARS-CoV-2 in biological
fluids [10—12], especially in the case of thoracic surgery.

Although aerosolization of blood borne viruses was
already shown to occurr during laparoscopy, several
reports did not demonstrate the presence of SARS-
CoV-2 RNA in the peritoneal fluid of COVID-19 patients
1, 24-28].

Our review of literature showed that most studies are
in favor of the absence of SARS-CoV-2 RNA in biologi-
cal fluids (peritoneal and pleural) when swab tests are
performed during surgery, while positive viral reports
are limited to patients with immune system compromis-
sion (patients with organ transplantation or with cancer)
or with peritoneal lymphatic drainage illnesses (e.g. cir-
rhotic patients).

We tried to hypothesize some possible explanations of
these findings. First of all, the virus may be present but
undetectable through the available tests. The sensitivity
of molecular swabs was already evaluated in some stud-
ies that cast doubts on possible false negatives results,
due to sampling problems or to thermal damage of the
swabs: this could happen in case of patients with low viral
load [29, 30]. Furthermore, the laboratory method for the
diagnosis of SARS-CoV-2 is usually certified as qualita-
tive and, therefore, the result of molecular swab is either
negative or positive, depending on the number of cycles
of viral replication. The chemo-physical process underly-
ing this kind of test is much more complicated, indeed,
and the result of molecular swabs does not depend only
on exceeding a threshold value but also on the extent of
the excess.

Moreover, it shall be considered that a “dubious” result
(a weak positivity or negativity) can also be caused by fac-
tors that are usually unrelated to the virus itself or to its
load, such as the method of storage or transportation or
sampling. The difficulties encountered in the interpreta-
tion of some swab tests results can be partially overcome
by recognizing such intrinsic disadvantages of the pro-
cess itself and, at the same time, this goes to explain why
some patients can meet discordant results in case of sam-
ples from different body fluids. Finally, it is to remind that
the only swabs currently certified are those taken from
the oropharynx or from bronchoalveolar lavage [9].

The second possibility is about the inactivity of the virus,
that may be present (either detectable or not). To date, no
certified case of contagion between patient and operator
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during surgery were reported. This could indicate that the
presence of the virus (detected or unrecognized) is not a
sufficient element to guarantee the risk of contagion of
healthcare workers in the operating room, probably due
to environmental conditions that are hostile to the spread
of adequate viral loads or due to the presence of inactive
viruses. This would mean that the presence of the virus in
biological fluids, detected through a RT-PCR assay or not,
does not reach the infecting viral load threshold.

Our last hypothesis is that the virus could not be always
present. In a recent article, we hypothesized that the pos-
sible presence of SARS-CoV-2 in the peritoneum may
depend on the disease stage and the associated cytokine
storm [31]. In the severe form of COVID-19, the hyper-
inflammation, manifesting with cytokine storming, can
lead to a greater viremic spread and, in such cases, it is
possible that the virus would cross the pleural/peritoneal
membrane. Moreover, in case of concomitant condi-
tions able to increase the filtration gradient of the perito-
neum (such as peritoneal dialysis or portal hypertension,
with or without hepatic cirrhosis) it is possible that the
virus would cross the membrane itself. As many other
aspects of COVID-19, the involvement of biological flu-
ids by SARSCoV-2 remains unexplored and only isolated
reports dedicated to this topic were published.

Although the viral spread through the pleural and/or
peritoneal fluid seems unlikely, there is urgent need for
further evidence to confirm or refute this hypothesis, in
order to help surgeons feel more comfortable and safe
during their daily activities with COVID-19 inpatients.

Conclusion
To date, there is no scientific evidence of possible con-
tagion by laparoscopic aerosolization of SARS CoV- 2,
nor it is known whether the virus is effectively present
in biological fluids. However, it is important to consider
that the methods employed in these studies to detect the
presence of SARS-CoV-2, such as the variable number of
samples, the different types of such tests and the immune
status of patients can be confounding factors in the phase
of viral detection. The possible relationship between
higher viral loads (and consequently a greater viral bur-
den in the pleural/peritoneal cavity) in symptomatic
patients has not been clarified yet and, thus, needs fur-
ther investigation. The impact of favoring open over min-
imally invasive techniques during the pandemic could be
a health burden due to the prolonged length of hospitali-
zation and cause of a higher rate of postoperative com-
plications, precluding the gold standard approach (i.e.,
minimally invasive) for most patients.

On one hand, it is essential to provide healthcare
workers with adequate PPE, especially in case of pos-
sible complications by unknown agents, and the
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general surgical community has been taking a cautious
approach towards COVID-19 patients.

However, we also believe that depriving such patients
of timely “gold standard” treatments, in favor of a cau-
tious approach, such as the conservative management
or the conventional open surgery, is not always the
best choice for these patients and it might be matter of
deeper collegial discussion.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512893-022-01571-6.

Additional file 1: Table S1. Body fluid swabs for Covid-19 in patients
operated in Lagosanto Hospital, Ferrara, Italy. CCl: Charlson Comorbidity
Index. 1st Wave: February 2020-July 2020; 2nd Wave: August 2020-Decem-
ber 2020; 3rd Wave: January 2021-today.

Acknowledgements

Authors would thank all the collaborators of this research: M. Bertasi MD, L. Di
Marco MD, G. Bisi MD, A. Cataldi MD, D. D’Antonio MD, M. Fazzin MD, S. Gennari
MD, FPindozzi MD, M. Poledrelli MD, R. Salmi MD, V. Sciascia MD, S. Severi MD,
R. Soverini MD, M. Torchiaro MD.

Authors’ contributions

Conceptualization: FN; data curation, investigation, methodology, validation,
roles/writing—original draft: FN, UA, DUF, PS; Analysis and data interpretation:
FN, GS; writing-review & editing: FN, AP, FCV. All authors read and approved
the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials

The datasets generated during and analysed during the current study are not
publicly available due to the rules and regulations of our hospital but are avail-
able from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The local Ethics Committee (Comitato Etico di Area Vasta Emilia Cen-

tro) approved the protocol of this study (CE: 65/2021/Oss/AUSLFe). The
manuscript was written in compliance with the STROBE (Strenghtening the
Reporting of Observational Studies in Epidemiology) guidelines for reporting
observational studies. This study was conducted according to the Declaration
of Helsinki (93/42/EEC art.15) developed for the medical community by the
World Medical Association (WMA). Informed consent was obtained from all
the patients. Authors confirm that all methods were performed in accordance
with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details

'General Surgery Unit, Azienda USL Di Ferrara, Via Valle Oppio, 2, Ferrara, Italy.
Department of Translational Medicine, Azienda Ospedaliero-Universitaria Di
Ferrara, Ferrara, Italy. *Biochemical Analysis Laboratory - Clinics and Microbiol-
ogy, Azienda Ospedaliero-Universitaria Di Ferrara, Ferrara, Italy. “Department
of Medical Sciences, Universita Di Ferrara, Ferrara, Italy.


https://doi.org/10.1186/s12893-022-01571-6
https://doi.org/10.1186/s12893-022-01571-6

Fabbri et al. BMC Surgery (2022) 22:119

Received: 12 August 2021 Accepted: 11 March 2022
Published online: 30 March 2022

References

1.

Seeliger B, Philouze G, Benotmane |, et al. Is the severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2) present intraperitoneally in
patients with coronavirus disease 2019 (COVID-19) infection undergoing
emergency operations? Surgery. 2020;168:220e221. https://doi.org/10.
1016/j.5urg.2020.05.03.

Zhou Q, Hu X, Zhou J, Zhao M, Zhu X, Zhu X. Human papillomavirus

DNA in surgical smoke during cervical loop electrosurgical exci-

sion procedures and its impact on the surgeon. Cancer Manag Res.
2019;11:3643-54.

Johnson GK, Robinson WS. Human immunodeficiency virus-1(HIV-1) in
the vapors of surgical power instruments. J Med Virol. 1991;33:47-50.
Kwak HD, Kim S-H, Seo YS, Song K-J. Detecting hepatitis B virus in surgi-
cal smoke emitted during laparoscopic surgery. Occup Environ Med.
2016;73:857-63.

Garden JM, O'Banion MK, Shelnitz LS, Pinski KS, Bakus AD, Reichmann E,
et al. Papillomavirus in the vapor of carbon dioxide laser-treated verrucae.
JAMA. 1988;259:1199-202.

EAES and SAGES recommendations regarding surgical response to
COVID-19 crisis. Jointrecommendations. 2020. https://www.escp.eu.com/
guidelines/covid-- recommendations. Accessed 10 Dec 2020.

Antunes D, Lami M, Chukwudi A, et al. COVID-19 infection risk by open
and laparoscopic surgical smoke: a systematic review of the literature the
surgeon (article in press).

Risk of Virus Contamination Through Surgical Smoke During Minimally
Invasive Surgery: A Systematic Review of the Literature on a Neglected
Issue Revived in the COVID-19 Pandemic Era Nicola Pavan, Alessandro
Crestani, Alberto Abrate, Cosimo De Nunzio, Francesco Esperto, Gianluca
Giannarini et al. Eur Urol Focus . 2020 Sep 15;6(5):1058-1069. doi: https://
doi.org/10.1016/j.euf.2020.05.021. Epub 2020 Jun 5.

Fabbri N, Pesce A, Vittorio-Feo C, et al. Peritoneal swab test for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) patients in
abdominal surgery: Is it a reliable practice? Surgery. 2021. https://doi.org/
10.1016/j.5urg.2021.01.044.

BarberisA., Rutigliani M., Belli F,, Ciferri E.,, Mori M., Filauro M., Correspond-
ence: 7) SARS-Cov-2 in peritoneal fluid: an important finding in the
Covid-19 pandemic. BJS https://doi.org/10.1002/bjs.11816

. Coccolini F, TartagliaY D, Puglisi A, Giordano C, Pistello M, Lodato M, et al.

SARS-CoV-2 is present in peritoneal fluid in COVID-19 Patients. Ann Surg.
2020;272:3. https://doi.org/10.1097/SLA.0000000000004030.

Passarelli V, Perosa AH, de Souza-Luna LK, Conte DD, Nascimento OA, Ota-
Arakaki J. Detected SARS-CoV-2 in Ascitic Fluid Followed by Cryptococ-
cemia: a Case Report. Compr Clin Med. 2020;2:2414-8. https://doi.org/10.
1007/542399-020-00574-9.

Bennett D, Franchi F, Vita E, et al. SARS-CoV-2 in pleural fluid in a kidney
transplant patient. Postgrad Med. 2020. https://doi.org/10.1080/00325
481.2020.1838817.

Malik MI, Fox N, Chopra A, Hughes HY, Washburn R. J T Huggins Positive
pleural fluid RT-PCR for virus detection in SARS-CoV-2 pneumonia. QJM.
2020;113(12):888-9. https://doi.org/10.1093/gjmed/hcaa276.

SeongBaek M, Young-Kim W, Lee KJ. Detection of Severe Acute Respira-
tory Syndrome Coronavirus 2 in the Pleural. Fluid Infect Chemother. 2020.
https://doi.org/10.3947/ic.2020.0045.

Mei F, Bonifazi M, Menzo S, Berardino AM, et al. First detection of SARS-
CoV-2 by real-time reverse transcriptase-polymerase chain reaction assay
in pleural. Fluid Chest. 2020;158(4):e143-6. https://doi.org/10.1016/].
chest.2020.05.583.

Sadioglu RE, et al. Does SARS-CoV-2 reach peritoneal effluent? Peritoneal
Dialysis Int. 2020;40(5):520-1. https://doi.org/10.1177/0896860820
947331.

Vischini G, D'Alonzo S, Grandaliano G, D'Ascenzo FM. SARS-CoV-2 in the
peritoneal waste in a patient treated with peritoneal dialysis. Kidney Int.
2020,98(1):237-8.

Safari S, Keyvani H, Alamdari NM, Dehghanian A, Hashemi MR, Honar BN,
et al. (2020) Abdominal Surgery in Patients with COVID-19: detection of
SARS-CoV-2 in abdominal and adipose tissues. Ann Surg.

Page 5 of 5

20. Ahmad S, Ahmed RN, Jani P, Ullah M. Aboulgheit H (2020) SARS-CoV-2
isolation from an appendix. J Surg Case Rep. 2020;8:1.

21. Zantah M, Castillo ED, Townsend R, et al. Pneumothorax in COVID-19
disease- incidence and clinical characteristics. Respir Res. 2020;21(1):236.
https://doi.org/10.1186/512931-020-01504-y.

22. WuJ, LiuJ, Li S, Peng Z, Xiao Z, Wang X, et al. Detection and analysis of
nucleic acid in various biological samples of COVID-19 patients. Travel
Med Infect Dis. 2020;37:101673. https://doi.org/10.1016/j.tmaid.2020.
101673.

23. Wang W, Xu'Y, Gao R, et al. Detection of SARS-CoV-2 in different types of
clinical specimens. JAMA, https://jamanetwork.com/journals/jama/fulla
rticle/2762997. 2020. Accessed 30 Mar 2020.

24. Hui-Na S, Koh FH, Biauw-Chi O, et al. COVID-19 not detected in peritoneal
fluid: a case of laparoscopic appendicectomy for acute appendicitis in
a COVID-19-infected patient Langenbeck'’s. Arch Surg. 2020. https://doi.
0rg/10.1007/500423-020-01891-.

25. Romero-Velez G, Pereira X, Zenilman A, Camacho D. SARS-Cov-2 was not
found in the peritoneal fluid of an asymptomatic patient undergoing
laparoscopic appendectomy. Surg Laparosc Endosc. 2020;30:6.

26. Vudayagiri L, Gusz J. COVID-19 positive in nasopharyngeal swab but
negative in peritoneal fluid: case report of perforated appendicitis.
Cureus. 2020;12(7):9412. https://doi.org/10.7759/cureus.9412.

27. Flemming S, Hankir M, Hering |, Meybohm P, Krone M, Weissbric B,
Germer CT, Wiegering A. Correspondence: abdominal fluid samples
(negative for SARS-CoV-2) from a critically unwell patient with respiratory
COVID-19. Br J Surg. 2020. https://doi.org/10.1002/bjs.11713.

28. Candellier A, Scohy A, et al. Absence of SARS-CoV-2 in the effluent of
peritoneal dialysis patients. Peritoneal Dialysis Int. 2020. https://doi.org/
10.1077/0896860820953061.

29. Kinloch NN, Ritchie G, Brumme CJ, Dong W, Dong W, Lawson T, et al. Sub-
optimal biological sampling as a probable cause of false-negative COVID-
19 diagnostic test results. J Infect Dis. 2020;222(6):899-902. https://doi.
0rg/10.1093/infdis/jiaa370.

30. PanY,long L, Zhang D, YuanT, Cui S, Yang P, et al. Potential false-negative
nucleic acid testing results for severe acute respiratory syndrome coro-
navirus 2 from thermal inactivation of samples with low viral loads. Clin
Chem. 2020;66(6):794-801. https://doi.org/10.1093/clinchem/hvaa091.

31. Fabbri N, Righini E, Cardarelli L, di Marco L, Feo C. Risks of COVID-19
transmission in blood and serum during surgery A prospective cross-
sectional study from a single dedicated COVID-19 center. Ann Ital Chir.
2020,91:235-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.surg.2020.05.03
https://doi.org/10.1016/j.surg.2020.05.03
https://www.escp.eu.com/guidelines/covid
https://www.escp.eu.com/guidelines/covid
https://doi.org/10.1016/j.euf.2020.05.021
https://doi.org/10.1016/j.euf.2020.05.021
https://doi.org/10.1016/j.surg.2021.01.044
https://doi.org/10.1016/j.surg.2021.01.044
https://doi.org/10.1002/bjs.11816
https://doi.org/10.1097/SLA.0000000000004030
https://doi.org/10.1007/s42399-020-00574-9
https://doi.org/10.1007/s42399-020-00574-9
https://doi.org/10.1080/00325481.2020.1838817
https://doi.org/10.1080/00325481.2020.1838817
https://doi.org/10.1093/qjmed/hcaa276
https://doi.org/10.3947/ic.2020.0045
https://doi.org/10.1016/j.chest.2020.05.583
https://doi.org/10.1016/j.chest.2020.05.583
https://doi.org/10.1177/0896860820947331
https://doi.org/10.1177/0896860820947331
https://doi.org/10.1186/s12931-020-01504-y
https://doi.org/10.1016/j.tmaid.2020.101673
https://doi.org/10.1016/j.tmaid.2020.101673
https://jamanetwork.com/journals/jama/fullarticle/2762997
https://jamanetwork.com/journals/jama/fullarticle/2762997
https://doi.org/10.1007/s00423-020-01891-
https://doi.org/10.1007/s00423-020-01891-
https://doi.org/10.7759/cureus.9412
https://doi.org/10.1002/bjs.11713
https://doi.org/10.1077/0896860820953061
https://doi.org/10.1077/0896860820953061
https://doi.org/10.1093/infdis/jiaa370
https://doi.org/10.1093/infdis/jiaa370
https://doi.org/10.1093/clinchem/hvaa091

	Swab test in biological fluids as predictor of COVID-19 transmission risk during surgery: a prospective cross-sectional study from an Italian COVID center
	Abstract 
	Background: 
	Aim: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Material and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


