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Coronavirus Disease 2019 Transmission: Blood 
Viremia and Aerosol Generation from Spinal Surgery. 

Is There an Increased Risk to the Surgical Team?
Siddharth Shah, Akshay Gadiya, Mohammed Shakil Patel, Masood Shafafy

The Centre for Spinal Studies and Surgery, Queens Medical Centre, Nottingham University Hospitals NHS Trust, Nottingham, UK 

As a respiratory pathogen, the novel coronavirus is commonly associated with aerosol-generating procedures. However, it is currently 
unclear whether spinal surgical procedures pose an additional risk of viral transmission to the surgical team. We reviewed the avail-
able evidence to ascertain the presence of coronavirus disease 2019 (COVID-19) blood viremia and the virus’ blood transmissibility, as 
well as evidence of blood-aerosol generation and operating room contamination from spinal surgical procedures. There is established 
evidence of COVID-19 blood viremia, a viral pathogenic cycle via angiotensin-converting enzyme 2 (ACE-2) receptors and similar blood 
transmission risk data from the SARS (severe acute respiratory syndrome)/MERS (Middle East respiratory syndrome) era. Spinal 
surgical practices demonstrate significant blood-aerosol generation from the operative wound due to the use of common surgical 
instruments, such as electrocautery, as well as high-speed and high-impact devices. Based on the evidence, there is an established 
additional risk of viral transmission faced by surgical teams from blood-aerosols generated from the operative wound of COVID-19-
infected patients via the inhalation of virus-laden aerosols and the subsequent initiation of the viral pathogenic cycle through binding 
with pulmonary ACE-2 receptors. Recognizing this additional risk amidst the ongoing pandemic serves as a caution to front-line surgi-
cal personnel to strictly adhere to personal protective equipment usage in operating rooms, to modify surgical techniques to reduce 
the hazard of surgical aerosol generation and COVID-19 viral exposure, and to consider it as an integral aspect of planning and adapt-
ing to the “new normal” operating practices.
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Introduction

In December 2019, a series of pneumonia cases of un-
known etiology emerged in the Hubei province of China, 
with clinical presentations greatly resembling that of viral 
pneumonia. Deep sequencing analysis from lower respira-

tory tract samples indicated a novel coronavirus (CoV), 
which was named coronavirus disease 2019 (COVID-19) 
[1,2]. The infection, which originated in Wuhan, rapidly 
spread to other countries and was declared a worldwide 
pandemic on March 11, 2020 [3]. By May 26, 2020, there 
were 5,404,512 total cases confirmed and 343,514 deaths 
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reported by the World Health Organization (WHO) [4]. 
In the absence of mass testing, these figures are likely to 
greatly underestimate the total disease burden. In the 
absence of any available protective vaccine, minimizing 
person-to-person transmission has been the most impor-
tant aim of the lockdown and social distancing measures 
to limit viral transmission. Given they are on the front 
lines, healthcare workers are the group most exposed to 
the COVID-19 virus, and the additional shortage of per-
sonal protective equipment (PPE) has resulted in a rising 
infection rate among healthcare staff [5].

COVID-19 transmission occurs in the form of virus-
bearing respiratory droplets, which exposes surgeons, 
anesthetists, and other operating room staff alike. Viral 
colonization of the respiratory tract’s mucosal surface 
gives rise to a direct increase in viral exposure for cer-
tain specialties, such as anesthetists during endotracheal 
intubation, otolaryngologists performing upper airway 
procedures, endoscopic surgeons performing upper gas-
trointestinal endoscopic procedures, and neurosurgeons 
performing endonasal or skull base procedures with the 
potential of paranasal sinus breach [6,7]. Interest has fo-
cused on the respiratory transmission of the COVID-19 
virus via aerosols, and there has been substantial research 
focusing on these aerosol-generating procedures. The 
Centers for Disease Control and Prevention lists aerosol-
generating procedures as those that primarily involve the 
respiratory tract [8]. The Royal College of Surgeons of 
England, however, lists all surgical procedures involving 
high-speed devices as aerosol-generating [9].

The use of PPEs during surgical procedures, although 
protective, can be uncomfortable, especially during pro-
longed operations. There are also significant concerns 
with regard to the shortage of PPEs in some hospitals [5]. 
These factors, along with the assumption that this virus 
can only be spread via respiratory droplets, has led to 
some institutions to use PPEs only during intubation or 
extubation procedures; once a closed ventilatory system 
has been established, some operating surgeons cease tak-
ing optimal protective measures.

Despite the numerous recent publications focusing on 
aerosol generation from surgical procedures, two aspects 
remain unclear: (1) whether this “respiratory-transmitted 
pathogen” has a proportionate viral load in the blood-
stream, which could cause viral transmission via blood 
and/or blood-aerosols; and (2) whether surgical proce-
dures can generate such blood-aerosols to potentially 

incite viral transmission. Orthopedic surgeons are recog-
nized as having the highest risk of occupational exposure 
to a patient’s blood in the form of aerosol inhalation or 
direct splatter [10]. Aerosolization of virus-laden blood 
particles could represent an additional risk for surgical 
teams in these trying times. It remains unclear; however, 
whether spinal surgery in itself causes added blood-
aerosol generation from the operative wound and whether 
there is an increased risk of viral transmission from these 
aerosols to the surgical team.

The purpose of this study was to review and summa-
rize the available literature to answer the questions raised 
above. Is there evidence for the presence of the COVID-19 
virus in the blood of infected patients? Can the virus-lad-
en blood be aerosolized into droplets? What components 
of spinal surgical procedures generate aerosols? Can these 
procedures pose an additional risk of viral transmission to 
the surgical team? Is there evidence to support this patho-
gen’s spread from blood-aerosols to respiratory tracts?

Review Methodology

We searched the electronic databases (PubMed, MED-
LINE, Google Scholar, and references from relevant 
articles) on June 3, 2020 for relevant English-language 
research articles, with two broad objectives: (1) to identify 
available research focusing on the biology of the CO-
VID-19 virus cycle and its transmission to ascertain the 
possibility of the virus’ presence in blood and blood-aero-
sols; and (2) to review the available literature on aerosol 
generation from spinal surgical procedures. The keywords 
used in combination were “coronavirus,” “novel coro-
navirus,” “COVID-19,” “aerosol generation,” “aerosols,” 
“blood-aerosol,” “viral transmission,” “contamination,” 
“surgical team,” “high-speed instruments,” and “spinal 
surgery.” The final step was assimilation of the literature 
reviews on both these aspects to deduce whether there is 
an increased risk of viral transmission to the surgical team 
through spinal surgical procedures.

Results and Discussion

1.   Biology of COVID-19 virus: do we need to worry about 
viral presence in blood-aerosols?

The discovery of this novel coronavirus in a population 
exposed to a wet animal market in Wuhan established 
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its animal origin, with bats identified as the intermediate 
carrier for transmission to humans. The further human 
spread of the infection was attributed to person-to-person 
transmission by droplets spread through coughing and 
sneezing or by direct contact.

Although respiratory tract shedding is the primary 
mode of transmission, numerous early studies from 
China using real-time reverse transcriptase polymerase 
chain reaction (PCR) testing isolated live COVID-19 vi-
rus from other body specimens, including blood. Wang 
et al. [11] isolated the virus in 1% of tested blood samples 
and postulated that the occurrence of the live virus in the 
bloodstream might reflect a more systemic nature for the 
infection than just a localized respiratory mucosal disease. 
In one of their earliest studies on a COVID-19-infected 
patient cohort in Wuhan, Zhang et al. [12] reported a 
40% positivity rate for viral cultures from blood samples 
from a group of 15 patients who were tested after days of 
medical treatment, some of who tested negative with the 
oral swab, thereby highlighting the virus’ significant pres-
ence in blood. In another report from Wuhan, Huang et 
al. [2] reported 15% rate of COVID-19 blood viremia in 
the 41 initially positive patients in the city. Similar find-
ings were reported from Guangzhou, China, where Chen 
et al. [13] reported a 10.5% rate of viral RNA detection 
in blood among 57 patients with confirmed coronaviral 
disease. These findings reflect the definite blood viremia 
of the COVID-19 virus, varying over a wide range from 
1%–40% positivity. In a small retrospective study, Chen et 
al. [14] found no evidence of blood-to-blood gestational 
maternal-fetal transmission of infection from a COVID-
19-positive mother. Since all of the mothers in this cohort 
underwent elective cesarean section, the question still 
remains as to whether transmission can occur during a 
vaginal delivery.

There is also evidence of blood transmission from the 
literature and evidence from the severe acute respira-
tory syndrome (SARS) (2002) and Middle East respira-
tory syndrome (MERS) (2012) epidemics, both of which 
belong to the same β-coronaviridae viral subgroup [15]. 
Chang et al. [16] extensively reviewed CoV and blood 
safety and concluded that viral RNA can be demonstrated 
during various periods after symptom onset and can be 
detected from plasma or serum from patients infected 
with SARS-CoV (2002), MERS-CoV (2012), and SARS-
CoV-2/COVID-19 (2019). Although the WHO noted in 
2003 that no cases of SARS-CoV have been reported due 

to the transfusion of blood products, the WHO and the 
U.S. Food and Drug Administration indicated an identi-
fied theoretical risk of SARS-CoV transmission through 
transfusion, and subsequently recommended deferring 
donation from potentially infected donors and recalling 
or contact tracing the recipients of blood donated from 
infected donors [16]. Researchers also demonstrated 
that the SARS virus had an affinity to (and could also 
replicate in) lymphocytes in blood, indicating a potential 
for transmission by blood or blood products with a high 
concentration of lymphocytes. In April 2003, the mean 
theoretical risk of SARS-CoV transmission through blood 
transfusion was estimated from data from Shenzhen, 
Hong Kong, and Taiwan as 14.11 (95% confidence inter-
val [CI], 11.00–17.22) per million, with a maximum risk 
of 23.57 (95% CI, 6.83–47.69) per million [16].

SARS-CoV infection occurs through the binding of 
virus glycoprotein spikes to the receptors expressed by 
the pulmonary epithelial cells, followed by integration of 
the virus with the cell membrane. These receptors were 
identified as angiotensin-converting enzyme 2 (ACE-2) 
[17]. Interestingly, the receptor-binding motif of SARS-
CoV and the novel coronavirus are similar in sequence, 
strongly suggesting that COVID-19 transmission occurs 
by the entry of the virus into host cells by binding with 
ACE-2 receptors [18], which are abundantly present in 
the body in three main locations: pulmonary epithelial 
cells, enterocytes in the small intestine, and arterial and 
venous endothelial cells [13,19]. Chen et al. [13] had pro-
posed that rampant coronavirus replication in pulmonary 
alveoli, via binding to the ACE-2 receptors, results in the 
breakdown of the alveolar vessel and subsequent virus 
leakage into the blood flow, through which the virus is 
disseminated throughout the body, a mechanism that sub-
stantiates the presence and detection of the COVID-19 
virus in the bloodstream. Given that ACE-2 receptors are 
present only in the lungs and intestines, the transmission 
mode is primarily through the respiratory (and possibly 
oral) routes, given that they exclusively express the neces-
sary receptor-binding sites. Thus, although the viral RNA 
is present in blood, direct blood-to-blood transmission 
is not pathophysiologically possible in the absence of a 
binding receptor. In contrast, aerosolized virus-containing 
blood particles from an infected patient can be inhaled by 
a recipient, wherein the virus would consequently bind to 
the ACE-2 receptors along the pulmonary epithelial cells 
and complete the viral transmission cycle, from the host’s 
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blood (patient) to the recipient’s respiratory tract (the sur-
gical team, in the current context) via blood-aerosols.

Amidst the current pandemic, the AABB (formerly the 
American Association of Blood Banks) released a state-
ment that it did not find individuals at risk of contracting 
COVID-19 through the blood donation process or via 
a blood transfusion, given that respiratory viruses are 
generally not known to be transmitted by donation or 
transfusion [20]. Conversely, the Joint United Kingdom 
Blood Transfusion and Tissue Transplantation Services 
Professional Advisory Committee (JPAC) has issued clear 
guidelines prohibiting blood transfusions from confirmed 
coronavirus-infected donors and has stated that although 
there is no clear evidence at present on coronavirus trans-
mission by blood, these measures are precautionary to 
avoid blood-borne transmission [21]. The policymakers’ 
contrasting views highlight the ongoing debate and the 
need for further research into the exposure-infection cau-
sality to define the blood presence and stratify the risk of 
blood transmission of the novel COVID-19 virus.

While there is no direct evidence yet of direct blood-to-
blood COVID-19 transmission (as evidenced by a num-
ber of the transfusion guidelines), evidence gathered from 
SARS and MERS research indicates that the pathophysiol-
ogy and molecular biochemical properties of coronaviral 
transmission and the conclusively reported bloodstream 
viremia clearly underline the presence of the COVID-19 
virus in the blood. The bloodstream virus can be a poten-
tial source of transmission of the infection if the virus-
laden blood becomes aerosolized and subsequently enters 
the recipient host via inhalation into the respiratory tract 
to initiate its pathogenic cycle.

2. Can spinal surgical techniques generate blood-aerosols?

The modern spinal surgeon’s armamentarium currently 
includes a wide range of specialized instruments, includ-
ing osteotomes, high-speed drills, cutters, and bone scal-
pels, instruments that generally operate on high-frequen-
cy oscillations (cutters and bone scalpels), rotations (drills 
and burrs), or high impact (osteotomes). Procedures such 
as debridement and pulse lavage are also notorious for 
producing significant amounts of blood and fluid splat-
ter. Although differing in their mechanism of action, the 
common factor uniting these instruments and procedures 
is their propensity to result in macroscopic blood splat-
ter around the surgical field and, more importantly, the 

microscopic generation of particulate blood droplets 
from the operative field into the environment, which are 
known as “aerosols.” These aerosols essentially reflect mic-
roparticles of the patient’s blood and float in the air of the 
operating room, where they can remain suspended for a 
significant time and distance before eventually settling on 
a surface (human or inanimate). These otherwise innocu-
ous particles are of concern if the host is either infected 
or a colonized carrier and consequently has transmissible 
pathogens in their bloodstream and thereby the surgical 
field. These particulate aerosols generated through the 
use of these instruments and techniques (during any spi-
nal surgery) pose a contamination risk to the operating 
room’s atmosphere and to the personnel present who can 
come into contact through mucocutaneous exposure.

Aerosol generation from high-speed drill instruments 
and their potential for transmitting diseases to health-
care personnel have been extensively studied in the field 
of dentistry, due to the obvious proximity of dentists to 
their patients’ respiratory tract [22]. Outside the purview 
of dentistry, droplet infection transmission from surgical 
procedures and surgical instruments has been researched 
much more frequently in relation to human immunode-
ficiency virus (HIV) transmission and the transmission 
of iatrogenic wound infections [22-26]. Although direct 
surgical trauma and inoculation accounts for up to 75% 
of healthcare worker transmission [10], the transmission 
risk of airborne infection from infected hosts to recipients 
is still reported and evidenced for a variety of pathogens 
such as Mycobacterium tuberculosis, Staphylococcus au-
reus, Legionella, Varicella-zoster virus, Variola virus, and 
influenza virus A [22,27-30]. Viruses have been reported 
to survive in the surgical smoke created by electrosurgical 
instruments [26,31]. In the subspecialty of orthopedics, 
operating room aerosol dissipation and potential contam-
ination has been extensively studied and well established 
across a wide range of surgical procedures including hip 
arthroplasty [32,33], lumbar spine surgery [22,23], and 
cervical spine surgery [24].

Putzer et al. [23] studied aerosol generation and op-
erating room contamination while using hydrotherapy 
and lavage during surgical procedures on thoracic spine 
cadaveric models using a S. aureus infective indicator 
and detected air contamination throughout the operating 
room, even to the room’s periphery, including from inani-
mate objects. Among the operating room staff, the highest 
contamination from a thoracic spine surgical procedure 
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was noted for the surgeon and surgeon’s assistant, but no 
member of the operative room was free from the aerosol 
contamination, including the rest of the surgical team, 
the anesthetist (despite the presence of a draped barrier) 
and the patient’s own head. Investigating the extent of the 
contamination spread, Putzer et al. [23] detected positive 
cultures over a 6×8-m area, while Nogler et al. [24] de-
tected a spread over a 5×7-m area, noting that even a 170-
mm drape between the surgical field and the anesthetist 
did not protect either the anesthetist or the patient’s head 
from aerosol contamination. The authors postulated that 
the likely cause of this spread was not just due to the di-
rect spray, which could be blocked by the drape, but was 
also likely a result of the aerosol cloud generated over the 
operative field by the use of the high-speed burr [24]. The 
use of positive pressure ventilation and laminar flow can 
also further dissipate such particles beyond the boundary 
of the operating room plenum.

Jewett et al. [25] assessed aerosol generation from com-
mon surgical tools in two clinical setups: one in bovine 
tissue in a laboratory and another in the Stanford T-cell 
infectivity culture study setup. The authors indirectly 
measured blood-aerosol generation from surgical wounds 
by measuring hemoglobin in the aerosolized particles 
as a marker for blood. The tested instruments were an 
oscillating saw, a high-speed air drill, a high-speed irrigat-
ing drill, and electrocautery in cutting and coagulation 
modes. The authors noted that all instruments produced 
aerosols of respirable range, which highlights the fact that 
it is not just the high-impact instruments that are capable 
of aerosolizing blood from operative wounds but also the 
basic surgical instruments (e.g., electrocautery, which 
has shown detectable blood particularization). Although 
spinal surgeons can choose not to use high-speed drills or 
high-impact instruments, evidence has shown that even 
basic surgical electrocautery generates enough aerosolized 
blood smog to be inhaled. If virus-laden, this aerosolized 
blood can potentially transmit a respiratory infection. 
Although the study was primarily conducted on HIV 
infection transmission, the biophysiological principles of 
aerosol generation can be extrapolated to any respirable 
infection, given that the same set of instruments tested in 
the study are still in use in modern spine surgery.

Limitations

In this extensive literature review, there are a number of 

limitations in establishing the notion of increased risk 
of virus transmission to surgical teams from the surgical 
site. Evidence from the early studies from China indicated 
blood COVID-19 viremia rates of 1%–40% [11-13]. These 
studies reported blood virus positivity based on the detec-
tion of viral RNA by quantitative reverse transcription 
(qRT)-PCR and not by direct viral culture, thereby raising 
the question of differentiating between infective and non-
infective (dead or antibody-neutralized) viruses, which 
is one of the major limitations of nucleic acid detection 
tests [34]. This inability to identify the live COVID-19 vi-
rus in a patient’s serum is a major factor in axiomatically 
considering the blood-aerosol transmission hypothesis of 
the viral cycle. Additionally, the contrasting guidelines be-
tween the AABB and JPAC on blood transfusion call into 
question the notion of a live viral presence in the blood 
and its transmission by aerosolized blood. However, evi-
dence from SARS data suggests that the qRT-PCR viral 
assay provided critical prognostic value in clinical man-
agement and was positively related to the prediction of 
symptom severity and the need for intensive care and was 
an independent predictor of mortality [35]. Our current 
understanding of the viral RNA load kinetics and disease 
pathology of COVID-19 remains fragmented. However, 
based on the evidence-based presupposition that blood 
viral RNA load correlates with high levels of viral replica-
tion and given that Joynt and Wu [34] had indicated that 
because live viral cultures (unlike bacterial cultures) are 
technically quite difficult, especially during a pandemic, 
viral RNA load in clinical specimens can be employed as a 
surrogate marker for generating clinical hypotheses.

Also, there is no concrete evidence for causality as of 
yet, either supporting or refuting the transmission of the 
virus by aerosolized blood generated from the surgical 
site of infected patients, eventually causing symptomatic 
infection in a recipient. However, research on the subject 
is still in its nascent stages, and there is still a plethora of 
unknowns when it comes to the scientific community’s 
understanding of the COVID-19 virus, the biology of 
its transmission, and the epidemiology of viral preva-
lence. Given the importance of risk assessment in policy-
making decisions on the guidelines for protection and 
safety of front-line healthcare workers who provide the 
surgical care for patients undergoing aerosol-generating 
procedures, further funding should be dedicated by gov-
ernments and healthcare organizations toward risk assess-
ment, further investigations, and high-quality research in 
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this field [36]. Until research studies have established the 
viral cycle in blood; however, it is worthwhile for spinal 
surgical teams to account for this potential additional 
surgical risk of exposure to the virus and act by instituting 
vigilant preventive measures.

Conclusions

Although the current consolidated evidence has focused 
on respiratory aerosol-generating procedures, this study 
underlines the fact that there is a definite presence of the 
COVID-19 virus in the bloodstream of infected patients. 
Conventional spinal surgical procedures, techniques, and 
instruments can generate blood-aerosol particles from the 
surgical wound, which contaminate the air and surfaces 
within the operating room and can be inhaled by the sur-
gical team, especially the surgeon and surgical assistants 
closest to the patient. Any conclusions drawn from this re-
view should be interpreted with caution, given that there 
is as yet no clinically validated evidence. However, there is 
substantive evidence in this review, albeit partly theoreti-
cal, suggesting the possibility of COVID-19 viral trans-
mission via virus-laden blood-aerosols from an infected 
patient’s surgical wound and the infection of surgical staff 
through aerosol inhalation and binding to pulmonary epi-
thelial ACE-2 receptors. Unless incontrovertibly refuted, 
performing a spinal surgery exposes medical personnel in 
operating rooms to an additional risk of contracting the 
virus, above and beyond that posed by intubation and re-
spiratory tract droplets.

Accounting for this purported additional risk, the sur-
gical team should strictly adhere to strict PPE guidelines 
and measures, protecting themselves from additional ex-
posure to aerosols generated while intraoperatively using 
electrosurgical, oscillating, and/or impacting equipment. 
These measures include those which prevent direct con-
tact or exposure to aerosol smog such as the use of surgi-
cal hoods, face shields, and high filter capacity respirator 
masks (such as FF3) for surgeons and the rest of the surgi-
cal staff. Further steps can also be taken with the surgical 
techniques to mitigate this added hazard by minimizing 
surgical smoke through effective suctioning practices, us-
ing electrosurgical equipment at the lowest effective pow-
er, and preventing the pooling of blood in the operative 
field. Vigilant safety precautions and conscientious surgi-
cal practices should be a spinal surgeon’s bastion against 
contracting the coronaviral disease.
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