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Abstract
Purpose Spine surgeons around the world have been universally impacted by COVID-19. The current study addressed 
whether prior experience with disease epidemics among the spine surgeon community had an impact on preparedness and 
response toward COVID-19.
Methods A 73-item survey was distributed to spine surgeons worldwide via AO Spine. Questions focused on: demograph-
ics, COVID-19 preparedness, response, and impact. Respondents with and without prior epidemic experience (e.g., SARS, 
H1NI, MERS) were assessed on preparedness and response via univariate and multivariate modeling. Results of the survey 
were compared against the Global Health Security Index.
Results Totally, 902 surgeons from 7 global regions completed the survey. 24.2% of respondents had prior experience with 
global health crises. Only 49.6% reported adequate access to personal protective equipment. There were no differences in 
preparedness reported by respondents with prior epidemic exposure. Government and hospital responses were fairly consist-
ent around the world. Prior epidemic experience did not impact the presence of preparedness guidelines. There were subtle 
differences in sources of stress, coping strategies, performance of elective surgeries, and impact on income driven by prior 
epidemic exposure. 94.7% expressed a need for formal, international guidelines to help mitigate the impact of the current 
and future pandemics.
Conclusions This is the first study to note that prior experience with infectious disease crises did not appear to help spine 
surgeons prepare for the current COVID-19 pandemic. Based on survey results, the GHSI was not an effective measure of 
COVID-19 preparedness. Formal international guidelines for crisis preparedness are needed to mitigate future pandemics.
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Introduction

The COVID-19 pandemic has rapidly become one of the 
most catastrophic global health crises of our time [1–3]. 
Patients infected with COVID-19 have placed an enor-
mous strain on healthcare systems across the world in both 
the ambulatory and inpatient settings [4]. Many initial 
epidemiologic models predicted tremendous demands on 
existing hospital resources and staff across the globe [5–8]. 
Unfortunately, the ability to meet these demands has been 
variable around the world [9]. Some conjecture exists that 
this is due, in part, to different degrees of preparedness 
to treat and prevent spread of the virus [9]. For example, 
many countries have dealt with prior serious public health 
outbreaks, such as Severe Acute Respiratory Syndrome 
(SARS), Middle East Respiratory Syndrome (MERS), 
H1N1 Swine Flu, or Ebola [10–13]. The World Health 
Organization (WHO) and the global health community 
have made pandemic preparedness one of their main mis-
sions [14, 15], and research on pandemic preparedness is 
plentiful [9, 16–18].

In 2019, the Nuclear Threat Initiative (NTI) and the 
Johns Hopkins Center for Health Security (JHU) devel-
oped the Global Health Security Index (GHSI) [19]. It was 
the first comprehensive assessment of health security and 
pandemic preparedness across the 195 countries that make 
up the States Parties to the International Health Regu-
lations (IHR 2005) [20]. The GHSI provided a ranking 
by overall pandemic preparedness, early detection capa-
bilities, ability to mitigate a health disaster, along with 
numerous other variables. The goal of the GHSI project 
was to use data obtained from prior pandemics, along 
with information on international health systems, to spur 
measurable changes in global health security and improve 
the international capability to address infectious disease 
outbreaks [21].

While global pandemics are catastrophic events for 
the entire population, they are particularly impactful 
on healthcare systems. Resource limitations, healthcare 
worker illness, and severe economic repercussions have 
impacted providers and hospitals across the world. Previ-
ous studies have focused on the effect of COVID-19 on 
emergency room, critical care, and internal medicine spe-
cialties [22, 23]. However, the impact of preparedness on 
subspecialty surgical care, such as spine surgery, in the 
context of the COVID-19 pandemic is unknown [24–27]. 
With low back pain ranking as the most disabling con-
dition worldwide and neck-related issues ranked as the 
fourth leading cause globally, there is a major demand for 
spine providers [28, 29]. Many spine surgeons have shifted 
away from their normal clinical duties to assist large mul-
tidisciplinary teams in caring for COVID patients [30]. A 

recent study by Louie et al. [27] highlighted, in over 900 
spine surgeons worldwide, that COVID-19 had a substan-
tial impact upon their patient care, practice, and personal 
lives; however, such impact varied. As such, it remains 
unknown whether previous experience with outbreaks/
pandemics played a role in their preparedness, response, 
and perceptions. The current study addresses the role of 
prior infectious disease outbreaks on the preparedness, 
response, and impact of COVID-19 on spine surgeons 
across the world. This study also assessed the ability of the 
GHSI to predict preparedness and response to COVID-19.

Methods

Study design

The AO Spine COVID-19 and Spine Surgeon Global 
Impact Survey was developed by a working group of 
board-certified spine surgeons, epidemiologists, and statis-
ticians who are experts in spinal disorders and represented 
different global regions. Question selection was based on a 
Delphi methodology [31, 32] to achieve consensus through 
several rounds of expert review before finalization. Overall 
scope of the survey included surgeon demographics, coun-
try and region of practice, COVID-19 perceptions, insti-
tutional preparedness and response, personal and practice 
impact, and future perceptions. Demographics obtained 
included country of practice, region of practice, population 
of city of practice, specialty, fellowship experience, year 
in practice, and practice type. Previous experience with 
SARS, MERS, H1N1, or Ebola was queried to ascertain 
experience with prior infectious disease outbreaks. Addi-
tional details of the survey can be found in the Louie et al. 
[27] report.

Survey distribution

The 73-item survey was presented in English and distrib-
uted via email to the AO Spine membership who agreed to 
receive surveys for academic purposes (n = 3805). AO Spine 
represents the largest society composed of spine surgeons 
worldwide (www.aospi ne.org). Each recipient was instructed 
that they had nine days to complete the survey (March 27, 
2020, to April 4, 2020). For all survey respondents, partici-
pation was voluntary, that they could end their participation 
at any time point, their involvement would be anonymous, 
and all data would be kept confidential. Participants were 
also informed that study findings would be disseminated 
in peer-reviewed journals, Web sites, and on social media 
platforms.

http://www.aospine.org
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Statistical analyses

All statistical analyses were performed with SAS (SAS 
Institute, Cary, NC). Graphical representation of survey 
responses was performed using RStudio v1.2.1335 (RStudio 
Inc, Boston, MA) and Excel (Microsoft Inc, Redmond, WA). 
Percentages and means were made for count data and rank-
order questions, respectively. All means were presented with 
standard deviations (mean ± standard deviation). Statistical 
analyses were performed to assess significant differences in 
count data using a combination of Fisher’s exact and chi-
squared tests, where applicable. Differences in continuous 
variables between groups were assessed using analysis of 
variance (ANOVA).

A nominal multivariate logistic regression was per-
formed, controlling for baseline demographic differences 
between respondents with and without prior epidemic expo-
sure, adjusting for covariates (e.g., home city population, 
geographic region, fellowship training, practice breakdown). 
Outcome variables with p < 0.200 on univariate analysis 
were assessed in the multivariate model. Variables with 
dichotomous categorical outcomes presented as odds ratios 
(OR) and 95% confidence intervals (CI) were also noted. 
An OR > 1 indicated increased occurrence of outcome with 
prior epidemic exposure. An OR < 1 indicated decreased 
occurrence of outcome (protective exposure). Variables with 

numerous categorical outcomes were presented as likelihood 
ratios. Linear regression analysis was performed to assess 
the relationship between GHSI and survey responses. R2 
regression coefficients less than 0.3 were considered poor 
correlation [33–36]. The threshold for statistical significance 
for all tests was p < 0.05.

Results

In total, 902 spine surgeons responded to the survey, repre-
senting 91 distinct countries and 7 global regions (Africa, 
Asia, Australia, Europe, the Middle East, North America, 
and South America/Latin America). Of the 881 surgeons 
providing their region of practice, the greatest number of 
responses was from Europe (242/881; 27.5%), followed 
by Asia (213/881; 24.2%) and North America (152/881; 
17.3%). Most survey responses were from the USA 
(128/902; 14.2%), China (73/902; 8.1%), and Egypt (66/902; 
7.3%) (Fig. 1). A majority of respondents (647/902; 75.8%) 
reported no experience with recent epidemics (SARS, H1N1, 
MERS, or Ebola). The majority of respondents were male 
(826/881; 93.8%), aged from 35 to 44 years old (344/895; 
38.4%), orthopedic surgeons (637/902; 70.6%), and primar-
ily practiced in academic or private institutions (Table 1).

Fig. 1  Distribution of survey responses by country. World map 
depicting number of survey responses received internationally. Color-
filled countries indicate that at least one survey was received. Green, 

under 10 surveys received; Blue, 11 to 25; Red, 26 to 50; Orange, 51 
to 100; Purple, over 100; Grey, no surveys received
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Table 1  Survey respondent demographics

All respondents 
(n = 902)

Previous epidemic experience 
(%) (n = 255)

No previous epidemic experi-
ence (%) (n = 647)

p value

Age 0.5
 25–34 130 (14.5) 31 (12.5) 99 (15.3)
 35–44 344 (38.4) 97 (39) 247 (38.2)
 45–54 245 (27.4) 77 (30.9) 168 (26)
 55–64 150 (16.8) 38 (15.3) 112 (17.3)
 65 + 26 (2.9) 6 (2.4) 20 (3.1)

Sex 0.61
 Female 55 (6.2) 17 (6.9) 38 (6.0)
 Male 826 (93.8) 229 (93.1) 597 (94.0)

Estimated home city population 0.0003
  < 100,000 46 (5.2) 12 (4.8) 34 (5.3)
 100,000–500,000 185 (20.7) 38 (15.3) 147 (22.8)
 500,000–1,000,000 136 (15.2) 28 (11.3) 108 (16.7)
 1,000,000–2,000,000 144 (16.2) 34 (13.7) 110 (17.1)

  > 2,000,000 382 (42.8) 136 (54.8) 246 (38.1)
Geographic region
 Africa 44 (5.0)  < 0.0001
 Asia 213 (24.2)
 Australia 8 (1.0)
 Europe 242 (27.5)
 Middle East 77 (8.7)
 North America 152 (17.3)
 South America/Latin America 145 (16.5)

Previous epidemic experience
 None 647 (71.7) 0 (0) 647 (100)  < 0.0001
 SARS 98 (10.9) 97 (38.0) 0 (0)  < 0.0001
 H1N1 swine flu 128 (14.2) 127 (49.8) 0 (0)  < 0.0001
 MERS 17 (1.9) 17 (6.7) 0 (0)  < 0.0001
 Ebola 15 (1.7) 15 (5.9) 0 (0)  < 0.0001

Specialty 0.68
 Neurosurgery 234 (26.4) 65 (26.5) 169 (26.4)
 Orthopedics 637 (72.0) 178 (72.7) 459 (71.7)
 Pediatric surgery 2 (0.2) 0 (0) 2 (0.3)
 Neurosurgery 12 (1.4) 2 (0.8) 169 (26.4)

Fellowship trained 645 (71.5) 192 (75.3) 453 (70.0) 0.11
Years since training completion 0.43
 Less than 5 years 161 (25.3) 49 (25.9) 112 (25.1)
 5–10 Years 141 (22.2) 41 (21.7) 100 (22.4)
 10–15 Years 104 (16.4) 38 (20.1) 66 (14.8)
 15–20 Years 117 (18.4) 29 (15.3) 88 (19.7)
 Over 20 Years 113 (17.8) 32 (16.9) 81 (18.1)

Practice type 0.33
 Academic 405 (45.4) 124 (50.4) 281 (43.5)
 Academic/private combined 204 (22.9) 51 (20.7) 153 (23.7)
 Private 144 (16.1) 36 (14.6) 108 (16.7)
 Public/local hospital 139 (15.6) 35 (14.2) 104 (16.1)

Practice breakdown
 Percent research 0.037
 0–25% 731 (81.9) 192 (77.1) 539 (83.7)
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Respondents overall reported a moderate to high level 
of concern regarding the COVID-19 outbreak, with a 
mean score of 3.7 ± 1.2 on a scale of one to five. Recent 
epidemic experience did not impact mean worry (3.8 ± 1.1 
vs. 3.7 ± 1.2, p = 0.400), but did increase the proportion of 
those reporting personal health as a main source of stress 
(47.8% vs 36.5%, p = 0.002). The three most common stress-
ors identified for respondents with previous epidemic expe-
rience groups were family health (74.5%), personal health 
(47.8%), and economic issues (46.7%). The three most com-
mon stressors identified for respondents without previous 
epidemic experience groups were family health (69.6%), 
community health (42.5%), and timeline to resume work 
(42%) (Table 2).

Coping strategies were fairly consistent between those 
with and without previous epidemic experience. However, 
respondents with previous epidemic exposure reported 
using music as a coping strategy more frequently (43.9% vs. 
33.7%, p = 0.004). Media coverage and sources of media did 
not differ by epidemic experience (p = 0.58 and p = 0.650). 
Media coverage was reported as “accurate” among 48.5% of 
all respondents and “overblown” by 35.5% of respondents 
(Table 2).

Overall, 82.9% of respondents reported having access 
to COVID-19 testing. There was no difference in access to 
testing between surgeons with prior epidemic experience 
and those without epidemic experience (84.5% vs 82.2%, 
p = 0.440) (Fig. 2a). A total of 6.7% of surgeons reported 
being tested for COVID-19, without notable difference based 
on prior epidemic exposure (5.5% vs. 7.2%, p = 0.350). For-
mal hospital guidelines for epidemic/pandemic response 
were in place in 60.4% of respondents’ hospitals; prior epi-
demic experience did not impact on the presence of guide-
lines (64.2% vs. 59%, p = 0.190) (Table 3).

Surgeons reported having adequate PPE at a rate of 
49.6%; prior epidemic experience did not impact PPE avail-
ability rates (51.9% vs. 48.7%, p = 0.400) (Fig. 2b). N95 
masks were provided to 50% of respondents, surgical masks 
to 81.8%, face shields to 46%, gowns to 54.4%, and full-face 
respirators to 10.5%. There were no significant differences 
in the type of available PPE based on previous epidemic 
experience (p > 0.05). Surgeons reported that 41% of their 
hospitals had adequate ventilators for the volume of patients 
they expected (Table 3).

Of the 57 respondents who underwent viral testing, nine 
(15.8%) reported testing positive for COVID-19. In areas of 
prior epidemics, surgeons reported being placed into quar-
antine at a greater rate compared to those from areas without 
prior epidemics (28.6% vs. 20.7%, p = 0.014) (Table 4).

Respondents reported consistency among hospital restric-
tions; there were no differences in rates of quarantine after 
travel, domestic travel bans, cancellations of academic activ-
ities, work-from-home orders, or cancellation of hospital 
meetings (p > 0.05) (Fig. 3a). Surgeons from areas of prior 
epidemics reported a lower rate of hospital-mandated elec-
tive surgery cancellation compared to those from areas with-
out prior epidemics (74.9% vs. 80.8%, p = 0.048). Respond-
ents reported significant differences among government 
restrictions; governments with prior epidemic experience 
had fewer shelter-in-place orders (58% vs. 65.2%, p = 0.044), 
less restrictive bans on gathering with those outside their 
household (35.7% vs. 42.3%, p = 0.037), but more manda-
tory restaurant closures (81.6% vs. 71.8%, p = 0.001). There 
was no difference in government-mandated cancellation of 
elective surgeries (67.1% vs. 73.4%, p = 0.057) or stay-at-
home orders (22.8% vs 22.8%, p = 0.98) (Table 4, Fig. 3b).

With regard to the impact of COVID-19 on the per-
sonal practice of surgeons, there were several significant 

Table 1  (continued)

All respondents 
(n = 902)

Previous epidemic experience 
(%) (n = 255)

No previous epidemic experi-
ence (%) (n = 647)

p value

 26–50% 129 (14.4) 49 (19.7) 80 (12.4)
 51–75% 21 (2.4) 4 (1.6) 17 (2.6)
 76–100% 12 (1.3) 4 (1.6) 8 (1.2)

Percent clinical 0.22
 0–25% 22 (2.5) 6 (2.4) 16 (2.5)
 26–50% 87 (9.7) 25 (10.1) 62 (9.6)
 51–75% 194 (21.8) 65 (26.2) 129 (20.0)
 76–100% 590 (66.1) 152 (61.3) 438 (67.9)

Percent teaching
 0–25% 668 (74.9) 6 (2.4) 16 (2.5)
 26–50% 152 (17.0) 25 (10.1) 62 (9.6)
 51–75% 50 (5.6) 65 (26.2) 129 (20.0)
 76–100% 22 (2.5) 152 (61.3) 438 (67.9)
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differences between those with and without prior epidemic 
experience (Table 5). Respondents from areas with prior 
epidemics reported still performing elective spine surgery at 
a higher rate compared to those from areas without prior epi-
demics (26.1% vs. 15.6%, p < 0.001). However, there was no 
difference in the rate of essential spine surgeries or reduction 
in case volume (p > 0.05). There were significant differences 
in income lost (p = 0.004) and percent personal revenue lost 
(p = 0.042), with those from areas without epidemic experi-
ence reporting a larger financial impact from COVID-19. 
There were no significant differences in hospital revenue lost 
(p = 0.36), furloughs (p = 0.57), hospital layoffs (p = 0.41), 
personal layoffs (p = 0.38), or time frame to resume elective 

surgeries (p = 0.052) between surgeons with and without 
prior epidemic experience (Table 5).

Multivariate regression analysis, controlling for statis-
tically significant demographic differences (geographic 
region, population, fellowship training, and practice break-
down), revealed that prior epidemic exposure was indepen-
dently associated with an increase in respondents report-
ing personal health as a source of stress (OR 1.66; 95% CI 
1.21–2.27; p = 0.0015), music as a coping strategy (OR 1.67; 
95% CI 1.21–2.30; p < 0.001, and still performing elective 
spine surgery (OR 1.55; 95% CI 1.01–2.38; p = 0.0035). 
The differences in hospital cancellations of elective sur-
geries (p = 0.960), government-mandated shelter-in-place 

Table 2  COVID-19 perceptions stratified by previous epidemic experience

All respondents 
(n = 841)

Previous epidemic experience 
(%) (n = 255)

No previous epidemic experi-
ence (%) (n = 647)

p value

Mean worry (1—not worried to 5—very 
worried)

3.7 ± 1.2 3.8 ± 1.1 3.7 ± 1.2 0.4

3 Greatest stressors
 Personal health 358 (39.7) 122 (47.8) 236 (36.5) 0.0017
 Family health 640 (71.0) 190 (74.5) 450 (69.6) 0.14
 Community health 370 (41.0) 95 (37.3) 275 (42.5) 0.15
 Hospital abilities 332 (39.0) 99 (38.8) 253 (39.1) 0.94
 Timeline to resume work 378 (41.9) 106 (41.6) 272 (42.0) 0.9
 Government/leadership 154 (17.0) 52 (20.4) 102 (15.8) 0.1
 Return to nonessential activities 116 (12.9) 34 (13.3) 82 (12.7) 0.79
 Economic issues 385 (42.7) 119 (46.7) 266 (41.1) 0.13

Currently coping w/the stress
 Exercise 463 (51.0) 131 (51.4) 332 (51.3) 0.99
 Music 330 (36.6) 112 (43.9) 218 (33.7) 0.0041
 Meditation/mindfulness 118 (13.0) 42 (16.5) 76 (11.8) 0.058
 Tobacco 29 (3.2) 5 (2.0) 24 (3.7) 0.21
 Alcohol 89 (9.9) 23 (9.0) 66 (10.2) 0.59
 Research projects 244 (27.5) 76 (29.8) 168 (36) 0.24
 Spending time w/family 578 (64.1) 162 (63.5) 416 (64.3) 0.83
 Spiritual/religious activities 116 (12.9) 35 (13.7) 81 (12.5) 0.63
 Reading 458 (50.8) 125 (49.0) 333 (51.5) 0.51
 Television 394 (43.7) 101 (39.6) 293 (45.3) 0.12
 Telecommunication with friends 322 (35.7) 92 (36.1) 230 (35.6) 0.88

Media coverage 0.58
 Excessive and overblown 298 (35.5) 81 (34.5) 217 (35.9)
 Accurate 407 (48.5) 120 (51.1) 287 (47.4)
 Not serious enough 135 (16.1) 34 (14.5) 101 (16.7)

Media sources 0.65
 International news on television 202 (26) 53 (24.9) 149 (26.4)
 National/local news on television 72 (0.3) 24 (11.3) 48 (8.5)
 International news on Internet 224 (28.8) 57 (26.8) 167 (29.6)
 National/local news on Internet 177 (22.8) 54 (23.4) 123 (21.8)
 Newspapers 28 (3.6) 6 (2.8) 22 (3.9)
 Social media 75 (9.6) 19 (8.9) 56 (9.9)
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orders (p = 0.290), bans on gathering with those outside 
their household (p = 0.710), and mandatory restaurant clo-
sures (p = 0.760) on univariate analysis were not significant 
after multivariate analysis. Prior epidemic exposure was also 
independently associated with respondents reporting impact 
on income (LR 12.70, p = 0.012) and personal revenue lost 
(LR 9.62, p = 0.022) (Table 6).

Global Health Security Index scores for countries with 
significant burdens of COVID-19 were reported (Fig. 4). 
The USA received a GHSI score of 83.5 and was ranked 
first, as the most prepared country for a global pandemic. 

There was poor correlation between GHSI score and 
access to adequate PPE (R2 = 0.26, p = 0.019), access to 
N95 masks (R2 = 0.26, p = 0.019), and access to adequate 
ventilators (R2 = 0.23, p = 0.029). There was no correla-
tion between GHSI score and formal hospital guidelines 
(R2 = 0.0004, p = 0.930) (Fig. 5). The impact of COVID-
19 and government responses varied greatly among coun-
tries, regardless of GHSI score (Fig. 6). Overall, 95% of 
surgeons felt that future formal guidelines are needed to 
mitigate future pandemics (Fig. 7).

Fig. 2  Impact of previous pan-
demics on COVID-19 prepared-
ness a Bar graph comparing 
access to COVID-19 testing 
stratified by previous epidemic 
experience. b Bar graph com-
paring access to adequate PPE 
stratified by previous epidemic 
experience
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Discussion

COVID-19 is a defining global health crisis. Understand-
ing how spine surgeons around the world prepared for, 
and responded to, COVID-19 will help guide response to 
future pandemics. Louie et al. [27] highlighted, in over 900 
spine surgeons worldwide, that COVID-19 had a substantial 
impact upon their patient care, practice, and personal lives; 
however, such impact varied. As such, our goal was to out-
line whether previous experience with outbreaks/pandemics 
played a role in surgeons’ preparedness, response, and per-
ceptions. Interestingly, based on survey results, surgeons felt 
generally underprepared for a pandemic of this magnitude. 
The WHO and other global health experts have prioritized 
learning from previous health crises, yet our study noted that 
regions with previous infectious disease outbreaks were no 
more prepared to respond to COVID-19. Our study further 
outlines that previous measures of global health security 
were not predictive of preparedness or minimized impact.

Impact of previous epidemics on preparedness

The COVID-19 pandemic is neither novel nor unexpected. 
During the twentieth century, there were three major pan-
demics that ravaged the globe: the H1N1 Spanish flu of 
1918, the H2N2 Asian flu of 1957, and the H3N2 Hong 

Kong flu of 1968 [37]. Since 1968, only the HIV/AIDs 
outbreak spread across the globe and has had widespread 
impact on healthcare workers [38]. The more recent epi-
demic level outbreaks of SARS in 2002, H1N1 Swine flu in 
2009, MERS in 2012, and Ebola in 2013 provided certain 
regions around the world with an early opportunity to pre-
pare for deadly infectious disease outbreaks [11, 12, 17, 18, 
39–41].

Our survey indicates that respondents who indicated prior 
experience with the SARS, MERS, H1N1, and Ebola out-
breaks were no better prepared to take on the COVID-19 
pandemic. This likely indicates that countries around the 
world have struggled to change government and hospital pol-
icy based upon prior experiences. Limitations in access and 
availability of testing have been cited as a major shortcom-
ing in the media [42, 43]. Our results indicate that access 
to testing is no longer a major limitation for surgeons, with 
over 82% of surgeons reporting access to a COVID-19 test. 
However, only 6.7% of surgeons around the world reported 
actually being tested. Surprisingly, 5.5% of respondents with 
prior epidemic experience reported being tested compared to 
7.2% of those without prior epidemic experience. This gap 
between testing availability and completed testing indicates 
that universal testing of healthcare workers is not occurring.

Numerous health departments across the world have 
outlined that formal local and institutional guidelines are 

Table 3  COVID-19 preparedness stratified by previous epidemic experience

All respondents 
(n = 902)

Previous epidemic experience 
(%) (n = 255)

No previous epidemic experi-
ence (%) (n = 647)

p value

Access COVID-19 testing 0.44
 Yes 701 (82.9) 201 (84.5) 500 (82.2)
 No 145 (17.1) 37 (15.6) 108 (17.8)

Personally tested for COVID-19 0.35
 Yes 57 (6.7) 13 (5.5) 44 (7.2)
 No 789 (93.3) 225 (94.5) 564 (92.8)

Formal hospital guidelines 0.19
 Yes 452 (60.4) 131 (64.2) 321 (59.0)
 No 296 (39.6) 73 (35.8) 223 (41.0)

Adequate PPE for frontline workers 0.4
 Yes 415 (49.6) 121 (51.9) 294 (48.7)
 No 422 (50.4) 112 (48.1) 310 (51.3)

Forms of PPE provided
 N-95 mask 451 (50.0) 130 (51.0) 321 (49.6) 0.71
 Surgical mask 738 (81.8) 205 (80.4) 533 (82.4) 0.49
 Face shield 415 (46.0) 113 (44.3) 302 (46.7) 0.52
 Gown 491 (54.4) 131 (51.4) 360 (55.6) 0.25
 Full-face respirator 95 (10.5) 29 (11.4) 66 (10.2) 0.61

Adequate ventilators 0.53
 Yes 343 (41.0) 100 (42.7) 243 (40.4)
 No 493 (59.0) 134 (57.3) 359 (59.6)
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critical for pandemic preparedness [44–46]. In 2009, the 
WHO reported that many countries around the world were 
in the process of forming a pandemic plan, but no stand-
ard pattern in content or timing was in place, and many 
countries were waiting for WHO to lead with their own 
plan. The WHO warned that without regional or global 
leadership on formal pandemic plans, preparedness could 

diverge even further across the world [46]. In our study, a 
surprisingly low 60.4% of respondents reported that formal 
hospital guidelines for pandemic response were in place. 
This number only marginally increased to 64.2% among 
respondents with prior epidemic exposure but did not 
reach statistical significance. Clearly, formal institutional 

Table 4  COVID-19 response stratified by previous epidemic experience

All respondents 
(n = 902)

Previous epidemic experi-
ence (%) (n = 255)

No previous epidemic expe-
rience (%) (n = 647)

p value

COVID-19 diagnosis
 Know someone diagnosed 392 (46.6) 104 (44.3) 288 (47.5) 0.39
 Personally diagnosed 9 (1.1) 2 (0.8) 7 (1.2) 0.67

Personally quarantined 0.014
 Yes 193 (22.9) 68 (28.6) 125 (20.7)
 No 649 (77.1) 170 (71.4) 479 (79.3)

Hospital restrictions
 Quarantine upon return from travel 507 (56.2) 144 (56.5) 363 (56.1) 0.94
 Limitations on domestic travel 483 (53.6) 130 (51) 353 (54.6) 0.33
 Cancellation of academic activities 689 (76.4) 192 (75.3) 497 (76.8) 0.63
 Nonessential staff to work from home 558 (61.9) 153 (60) 405 (62.6) 0.47
 Cancellation of hospital meetings 674 (74.7) 183 (71.8) 491 (75.9) 0.2
 Cancellation of elective surgeries 714 (79.2) 191 (74.9) 523 (80.8) 0.048

Government restrictions
 Cancel elective surgery 646 (71.6) 171 (67.1) 475 (73.4) 0.057
 Shelter protection/self-isolation 570 (63.2) 148 (58.0) 422 (65.2) 0.044
 No group gatherings > 50 365 (40.5) 106 (41.6) 259 (40.0) 0.67
 No group gatherings > 100 488 (54.1) 125 (49.0) 363 (56.1) 0.055
 Only gather with those in the same household 371 (41.1) 91 (35.7) 280 (42.3) 0.037
 Closure of nonessential businesses 727 (80.6) 522 (80.7) 205 (80.4) 0.92
 Closure of schools/universities 795 (88.1) 222 (87.1) 573 (88.6) 0.53
 Closure of all dine-in restaurant opportunities 711 (78.8) 528 (81.6) 183 (71.8) 0.0011
 Closure of public transportation 239 (26.5) 64 (25.1) 175 (27.1) 0.55
 Restrictions on elderly for leaving home 426 (47.2) 116 (45.5) 310 (47.9) 0.51

Government stay-at-home order 0.058
 Yes 688 (88.2) 182 (84.7) 506 (89.6)
 No 92 (11.8) 33 (15.4) 59 (10.4)

Performing medical duties outside of specialty 0.98
 Yes 183 (22.8) 51 (22.8) 132 (22.8)
 No 619 (77.2) 173 (77.2) 446 (77.2)

Perception of government effectiveness 0.97
 Appears in disarray/disorganized 88 (11.3) 23 (10.8) 65 (11.5)
 Taken some action but not enough 215 (27.6) 61 (28.5) 154 (27.3)
 Acceptable/appropriate 456 (58.5) 125 (58.4) 331 (58.6)

Actions are excessive and unnecessary 20 (2.6) 5 (2.3) 15 (2.7)
 Perception of hospital effectiveness 0.53
 Appears in disarray/disorganized 68 (8.8) 23 (10.8) 45 (8.0)
 Taken some action but not enough 215 (27.7) 56 (26.3) 159 (28.2)
 Acceptable/appropriate 477 (61.4) 128 (60.1) 349 (61.9)
 Actions are excessive and unnecessary 17 (2.2) 6 (2.8) 11 (2.0)
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guidelines should have been a priority among all hospitals 
prior to the outbreak reaching pandemic proportions.

Another preparedness deficiency was access to personal 
protective equipment and other critical hospital resources. 
The media in the USA and across the world highlighted the 
critical lack of PPE that frontline healthcare workers faced 
in the early days of the COVID-19 outbreak [7, 8, 47–49]. 
While many respondents felt the media was sensational-
izing the outbreak, our study indicates that the critical 
shortage of PPE is real with only 49.6% of respondents 
reporting access to adequate PPE. Even in regions with 
prior health crises, the availability of PPE was not sig-
nificantly improved. Another key resource limitation fac-
ing health systems during this pandemic is the ventilator 
shortage. Not only are physicians facing the possibility 
of difficult decisions surrounding allocation of ventilators 

[50, 51], but operating room anesthesia machines are being 
reallocated to intensive care units (ICUs) closing operating 
rooms (ORs) for surgeon use [52]. An alarmingly low 41% 
of respondents reported adequate ventilator supplies, and 
access to ventilators was not improved by experience with 
prior epidemics. Clearly, a need exists for larger stockpiles 
of these critical resources that can be mobilized during 
global pandemics.

Overall, respondents from countries with previous infec-
tious disease outbreaks did not report improved government 
or hospital-level preparedness. This indicates that health sys-
tems and governments likely failed to learn from prior health 
crises or did not dedicate the time, resources, or manpower 
to strategic planning. Regardless of these prior oversights, 
there is now a major need to come together and prepare for 
future pandemics.

Fig. 3  Radar chart depictions of current COVID-19 hospital and 
government policies by previous epidemic experience. Five-sided 
(pentagon) radar charts visually depicting cumulative percentage of 
responses verifying the enactment of a given COVID-19 a hospital 
and b government policy at the time of survey distribution. Queried 
policies are listed at the vertex of a given figure, whereby points fall-

ing on a vertex of the innermost pentagon correspond to a cumula-
tive total of 0% of survey responses received. Each subsequent 
pentagon corresponds to a 20% increase in responses for a given cat-
egory. *Indicates difference significant at the 95% confidence level 
(P < 0.05)
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Table 5  COVID-19 practice impact stratified by previous epidemic experience

All respondents 
(n = 902)

Previous epidemic expe-
rience (%) (n = 255)

No previous epidemic 
experience (%) (n = 647)

p value

Performing elective spine surgery 0.0005
 Yes 149 (18.5) 59 (26.1) 90 (15.6)
 No 655 (81.5) 167(73.9) 488 (84.4)

Performing essential spine surgery 0.88
 Yes 700 (87.3) 197 (87.6) 503 (87.2)
 No 102 (12.7) 28 (12.4) 74 (12.8)

Percent cases cancelled/postponed per week 0.22
  < 25% 72 (9.0) 24 (10.7) 48 (8.3)
 25–50% 69 (8.6) 19 (8.4) 50 (8.7)
 51–75% 123 (15.3) 42 (18.7) 81 (14.0)
  > 75% 539 (67.1) 140 (62.2) 399 (69.0)

Top allocation of time 0.95
 Spending time with family 312 (49.5) 90 (51.4) 222 (48.8)
 Personal wellness 59 (9.4) 18 (10.3) 41 (9.0)
 Resting 38 (6.0) 10 (5.7) 28 (6.2)
 Planning for future 19 (3.0) 6 (3.4) 13 (2.9)
 Engaging in hobbies 17 (2.7) 5 (2.9) 12 (2.6)
 Academic projects/research 32 (5.1) 6 (3.4) 26 (5.7)
 Community outreach programs 13 (2.1) 3 (1.7) 10 (2.2)
 Spine practice/medical center-related work 140 (22.2) 37 (21.1) 103 (22.6)

Impact on income 0.004
 Planned reduction, on salary 138 (18.1) 51 (24.5) 87 (15.7)
 No impact, on salary 244 (32.1) 62 (29.8) 182 (32.9)
 Planned reduction, compensation-based income 64 (8.4) 22 (10.6) 42 (7.6)
 No impact, compensation-based income 7 (0.9) 4 (1.9) 3 (0.5)
 Losing income 308 (40.5) 69 (33.2) 239 (43.2)

Percent of personal revenue lost 0.042
  < 25% 219 (28.9) 57 (27.5) 162 (29.5)
 25–50% 226 (29.9) 77 (37.2) 149 (27.1)
 51–75% 142 (18.8) 36 (17.4) 106 (19.3)
  > 75% 170 (22.5) 37 (17.9) 133 (24.2)

Percent of hospital revenue lost 0.36
  < 25% 169 (22.3) 47 (22.5) 122 (22.3)
 25–50% 199 (26.3) 64 (30.6) 135 (24.6)
 51–75% 207 (27.3) 53 (25.4) 154 (28.1)
  > 75% 182 (24.0) 45 (21.5) 137 (25.0)

Staff furlough 0.57
 Yes 307 (40.5) 91 (43.5) 216 (39.3)
 No 286 (37.7) 74 (35.4) 212 (38.6)
 Potentially 165 (21.8) 44 (21.1) 121 (22.0)

Hospital layoffs 0.41
 Yes 67 (8.8) 15 (7.2) 52 (9.4)
 No 586 (77.0) 160 (76.6) 426 (77.2)
 No, but have plans to 108 (14.2) 34 (16.3) 74 (13.4)

Personally laid off staff 0.38
 Yes 39 (5.1) 10 (4.8) 29 (5.2)
 No 683 (89.8) 191 (91.8) 492 (89.0)
 No, but have plans to 39 (5.1) 7 (3.4) 32 (5.8)

Time frame to resume elective surgeries 0.052
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Impact of previous epidemics on COVID response

In the early days of COVID-19, there were a variety of 
responses to the growing threat spreading across the world. 

China instituted a swift government-mandated lockdown 
of Wuhan in the Hubei Province in an attempt to slow the 
spread [53–55]. South Korea quickly implemented a wide-
spread testing initiative that helped to isolate cases and 

Table 5  (continued)

All respondents 
(n = 902)

Previous epidemic expe-
rience (%) (n = 255)

No previous epidemic 
experience (%) (n = 647)

p value

 No current stoppage 85 (10.6) 29 (13) 56 (9.7)
  < 2 weeks 31 (3.9) 12 (5.4) 19 (3.3)
 2–4 weeks 136 (16.9) 44 (19.6) 92 (15.9)
 1–2 months 127 (15.8) 40 (17.9) 87 (15.0)

  > 2 months 33 (4.1) 10 (4.5) 23 (4.0)
 Unknown time frame 392 (48.76) 89 (39.7) 303 (52.2)

Timeline to resume “baseline operation” 0.38
  < 2 weeks 96 (12.7) 23 (11.0) 73 (13.3)
 2–4 weeks 177 (23.3) 59 (28.2) 118 (21.5)
 4–6 weeks 177 (23.3) 44 (21.1) 133 (24.2)
 6–8 weeks 108 (14.2) 29 (13.9) 79 (14.4)
 8 + weeks 201 (26.5) 54 (25.8) 147 (26.7)

Impact on how you treat patients in 1 year
 No change 133 (14.8) 36 (14.1) 97 (15.0) 0.74
 Heightened awareness of hygiene 435 (48.2) 119 (46.7) 316 (48.8) 0.56
 Will increase use of PPE 344 (38.1) 94 (36.9) 250 (38.6) 0.62
 Ask patient to reschedule if they feel sick 285 (31.6) 86 (3.7) 199 (30.8) 0.39
 Pursue increased non-operative measures prior to surgery 150 (16.6) 43 (16.9) 107 (16.5) 0.96
 Growth in digital options for communication 314 (34.8) 77 (30.2) 237 (36.6) 0.068

Table 6  Multivariable analysis of impact on prior epidemic exposure

Multivariate logistic regression analysis of effect of previous epidemic exposure on current response and preparedness controlling for differences 
in baseline demographics (home city population, region, fellowship training, and percent research). Variables with p > 0.2 from univariate analy-
sis were tested. Odds ratios with 95% confidence interval reported for dichotomous categorical variables; likelihood ratios reported for variables 
with multiple responses

Variable Prior epidemic exposure odds ratio (95% CI) p value

Greatest stressors
 Personal health 1.66 (1.21–2.27) 0.0015

Coping mechanisms for stress
 Music 1.67 (1.21–2.3) 0.0016
 Has been personally quarantined 1.24 (0.83–1.83) 0.29

Hospital Restrictions
 Cancellation of elective surgeries 0.99 (0.67–1.46) 0.96

Government restrictions
 Shelter protection/self-isolation 0.84 (0.61–1.16) 0.29
 Only gather with those in the same household 0.94 (0.68–1.3) 0.71
 Closure of all dine-in restaurant opportunities 0.76 (0.52–1.11) 0.76
 Performing elective spine surgery 1.55 (1.01–2.38) 0.045

Variable Prior epidemic exposure likelihood ratio p value

 Impact on income 12.79 0.012
 Percent of personal revenue lost 9.62 0.022
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Fig. 4  Global health security index scores by country. World map 
depicting Global Health Security Index scores by country. Color 
of countries indicate relative preparedness for global pandemic as 
ranked by Johns Hopkins Center for Health Security. Red, least pre-

pared; Orange, more prepared; Yellow, most prepared; average over-
all GHSI score is 40.2. Data source: Nuclear Threat Initiative and 
Johns Hopkins Center for Health Security

Fig. 5  COVID-19 preparedness perceptions and global health secu-
rity index scores. Scatter plot of COVID-19 preparedness perceptions 
and Global Health Security Index scores. All countries with > 10 
respondents were included in the analysis (n = 687). A total of 21 

countries were included. Mean responses to questions on the pres-
ence of formal guidelines, adequate PPE, N95 masks, and ventilators 
were plotted against the GHSI score of respondents’ countries. Linear 
regression analysis revealed poor correlations with R2 < 0.3
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prevent a prolonged nationwide lockdown [56, 57]. Both of 
these nations had previous experience with SARS, MERS, 
and other infectious disease outbreaks and had instituted 
national policies allowing for rapid approval of testing in 
the face of new disease outbreaks [58]. Prior experiences 
likely guided the response to, and impact of, COVID-19.

Surprisingly, the government and hospital restrictions 
instituted around the world were fairly consistent. Respond-
ents reported high rates of government-mandated cancella-
tion of elective surgeries, mandatory stay-at-home orders, 
limitations on group gatherings, and closure of businesses 
and schools. A few subtle differences were noted. Respond-
ents who indicated prior experience with infectious disease 
epidemics reported being placed into quarantine at a higher 
rate after exposure to COVID-19. This may be because these 
governments had prior experience with quarantines and were 
willing to swiftly institute mandatory isolation.

Hospital-based restrictions were also remarkably con-
served across the world. There were high rates of travel bans, 
cancellations of academic activities, cancellations of hos-
pital meetings, and work-from-home orders. Interestingly, 
prior epidemic experience was an independent predictor of 
still performing elective spine surgeries. The significance of 

Fig. 6  Impact of COVID-19 by GHSI score. Bar graph comparing the impact of COVID-19 stratified by country/GHSI score. All countries 
with > 10 respondents were included in the analysis (n = 687). A total of 21 countries were included

Fig. 7  Assessing the need for formal international guidelines. Pie 
chart reporting the overwhelming support for international for-
mal guidelines to mitigate the impact of future pandemics. 95% of 
respondents from all regions of the world were in favor of formal 
guidelines
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this finding is unclear, given that epidemic experience was 
not predictive of preparedness.

Overall, surgeons appear to be somewhat dissatisfied 
with their governmental and hospital responses. A total of 
58.5% of respondents reported their government’s response 
as “acceptable,” while 27.6% rate their government’s action 
as “not enough.” Satisfaction rates with hospital responses 
are similar with 61.4% of respondents rating their hospital’s 
response as “acceptable,” while 27.7% rate their hospital’s 
action as “not enough.” Respondents with prior infectious 
disease epidemic experience did not rate their government 
or hospital response any better. A moral and ethical obliga-
tion exists to improve our ability to respond to future crises.

COVID‑19 and spine practice across the world

Government and hospital policies in response to COVID-19 
are impacting spine practices across the world. Over 67% of 
respondents reported a greater than 75% decrease in their 
weekly case volume. This reduction in volume has led to 
significant economic concerns among surgeons [59]. Nearly 
70% of surgeons reported a reduction in income from the 
current COVID-19 crisis. However, having prior experience 
with epidemics did lead to a significant decrease in rates of 
reported income loss. This may be confounded by the fact 
that most countries with prior epidemics utilize government 
run health systems.

Apart from economically impacting surgeons, the 
COVID-19 pandemic has financial implications for all 
healthcare staff. In this study, 40.5% of respondents reported 
having staff furlough at their institutions, with 8.8% report-
ing layoffs. Unfortunately, having prior experience with 
infectious disease epidemics did not protect against these 
financial effects. This point highlights the need for compre-
hensive government policies that prevent these economic 
impacts, rather than reacting to them.

Does the global health security index accurately 
predict impact of COVID‑19?

The GHSI is the first comprehensive assessment of health 
security and pandemic preparedness across 195 countries 
[20]. The GHSI provides a ranking by overall pandemic 
preparedness, early detection capabilities, and ability to 
mitigate a health disaster. The goal of the GHSI project 
was to use data obtained from prior disease outbreaks to 
improve the international capability to address pandemics 
[21]. Our survey results indicate that the GHSI was poorly 
correlated with COVID-19 preparedness and surgeons’ 
perceptions on response. Countries such as the USA were 
rated as “most prepared” by the GHSI yet were not ade-
quately prepared based on our survey. China, a country 

rated as “more prepared” with a low GHSI of 48.2, had 
similar access to PPE and critical resources as the USA.

The poor performance of the GHSI may indicate that 
traditional methods for assessing pandemic preparedness 
are faulty, or COVID-19 did not follow the patterns estab-
lished by previous infectious disease outbreaks. Either 
way, we have an ethical and moral obligation to learn 
from the current situation to revamp the ways in which we 
prepare for pandemics and the way we assess pandemic 
preparedness. Improvements in global coordination and 
cooperation have the potential to lessen the impact of 
infectious disease outbreaks, not only on surgeons, but on 
all of humanity.

Limitations

As with many questionnaire-based studies, there are limi-
tations to this study. The survey distribution was limited 
to the current AO Spine surgeon members network. The 
survey was sent out to 3805 spine surgeons worldwide; 
however, only 902 surgeons responded (23.7%). This may 
introduce a response bias because individuals with strong 
opinions may be more likely to respond. Previous studies 
have described that low response rate is a risk factor for 
low validity, but does not necessitate low validity [60]. 
Response rates are important to consider, but, indepen-
dently, should not be considered a proxy for study validity.

Our study lacked the power to break down responses 
by individual country. Therefore, certain countries may 
have adequately learned from previous epidemics, but their 
response is diluted by the many others who did not. We 
attempted to control for this by using geographic region in 
our multivariate analysis. However, there may be question-
able generalizability in regions in which there were few or 
no respondents. The timing of the survey may have also 
impacted our results as countries around the world were 
at different stages of the pandemic when they received 
the questionnaire. Given the limit of survey length due 
to fatigue, we were not able to explore all of the possible 
domains related to COVID-19.

Finally, our targeted demographic was AO spine sur-
geons. This is one group of subspecialty surgeons, and 
the results may not represent the view and concerns of 
other medical specialties. However, given that COVID-19 
is impacting all healthcare providers around the world, we 
feel spine surgeons are reasonably representative of other 
surgical providers. We are unable to comment on COVID-
19 preparedness or impact for the general public. Despite 
these limitations, this survey remains the largest, interna-
tional effort to assess multiple domains of the impact of 
COVID-19 on spine surgeons.
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Conclusion

This is the first, international study to assess the impact 
of COVID-19 on spine surgeons in an effort to explore 
the effect of previous epidemics on preparedness and 
response. This study outlines that previous infectious dis-
ease outbreaks had only subtle influence on the impact of 
COVID-19 and no substantial bearing on preparation for 
the current pandemic. Furthermore, current methods for 
assessing preparedness, such as GHSI, were poorly cor-
related with preparedness for the current outbreak. Find-
ings from our study indicate that COVID-19 substantially 
impacted spine surgeons globally; therefore, we have a 
moral obligation to help lead the charge in developing 
comprehensive policies to mitigate the impact of this cur-
rent, and any future, public health crises.

Acknowledgements The authors would like to extend their sincere 
gratitude to Kaija Kurki-Suonio and Fernando Kijel from AO Spine 
(Davos, Switzerland) for their assistance with circulating the survey 
to AO Spine members.

Compliance with ethical standards 

Conflict of interest The authors have no financial or competing inter-
ests to disclose in relation to this work.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Munster VJ, Koopmans M, van Doremalen N et al (2020) A 
novel coronavirus emerging in China—Key questions for impact 
assessment. N. Engl. J. Med. 382(8):692–694

 2. Zhu N, Zhang D, Wang W et al (2020) A novel coronavirus from 
patients with pneumonia in China, 2019. N Engl J Med. https ://
doi.org/10.1056/NEJMo a2001 017

 3. Gates B (2020) Responding to Covid-19—a once-in-a-cen-
tury pandemic? N Engl J Med 382:1677–1679. https ://doi.
org/10.1056/NEJMp 20037 62

 4. Rosenbaum L (2020) The untold toll—the pandemic’s effects 
on patients without Covid-19. N Engl J Med. https ://doi.
org/10.1056/nejmm s2009 984

 5. Moghadas SM, Shoukat A, Fitzpatrick MC et al (2020) Pro-
jecting hospital utilization during the COVID-19 outbreaks in 

the United States. Proc Natl Acad Sci. https ://doi.org/10.1073/
pnas.20040 64117 

 6. Weissman GE, Crane-Droesch A, Chivers C et  al (2020) 
Locally informed simulation to predict hospital capacity needs 
during the COVID-19 pandemic. Ann Intern Med. https ://doi.
org/10.7326/M20-1260

 7. O’Sullivan ED (2020) PPE guidance for covid-19: be hon-
est about resource shortages. BMJ 369:m1507. https ://doi.
org/10.1136/bmj.m1507 

 8. Rimmer A (2020) Covid-19: third of surgeons do not have ade-
quate PPE, royal college warns. BMJ 369:m1492. https ://doi.
org/10.1136/bmj.m1492 

 9. Kandel N, Chungong S, Omaar A, Xing J (2020) Health secu-
rity capacities in the context of COVID-19 outbreak: an analy-
sis of international health regulations annual report data from 
182 countries. Lancet 395:1047–1053. https ://doi.org/10.1016/
S0140 -6736(20)30553 -5

 10. History’s deadliest pandemics: plague, smallpox, flu, covid-19 
- Washington Post. (2020) https ://www.washi ngton post.com/
graph ics/2020/local /retro polis /coron aviru s-deadl iest-pande 
mics/. Accessed 24 Apr 2020

 11. WHO (2019) Middle East respiratory syndrome coronavirus 
(MERS-CoV). https ://www.who.int/en/news-room/fact-sheet s/
detai l/middl e-east-respi rator y-syndr ome-coron aviru s-(mers-cov). 
Accessed 02 May 2020

 12. LeDuc JW, Barry MA (2004) SARS, the first pandemic of the 21st 
Century. Emerg Infect Dis 10:e26–e26. https ://doi.org/10.3201/
eid10 11.04079 7_02

 13. Past Pandemics | Pandemic influenza (Flu) | CDC. https ://www.
cdc.gov/flu/pande mic-resou rces/basic s/past-pande mics.html. 
Accessed 24 Apr 2020

 14. Global Monitoring of Disease Outbreak Preparedness | Harvard 
global health institute. https ://globa lheal th.harva rd.edu/monit 
oring -disea se-prepa redne ss. Accessed 24 Apr 2020

 15. GPMB (2019) A WORLD AT RISK Annual report on global 
preparedness for health emergencies. Sales Mark Manag 151:44

 16. Gates B (2018) Innovation for pandemics. N Engl J Med 
378:2057–2060. https ://doi.org/10.1056/NEJMp 18062 83

 17. Moon S, Sridhar D, Pate MA et al (2015) Will Ebola change the 
game? Ten essential reforms before the next pandemic. The report 
of the Harvard-LSHTM independent panel on the global response 
to Ebola. Lancet 386:2204–2221

 18. Fineberg HV (2014) Global health: pandemic preparedness and 
response—Lessons from the H1N1 influenza of 2009. N Engl J 
Med 370:1335–1342

 19. Nuclear threat initiative JHC for HS (JHU) (2020) About - GHS 
Index. https ://www.ghsin dex.org/about /. Accessed 3 May 2020

 20. 2019 Global health security index (2019) https ://www.ghsin dex.
org/. Accessed 24 Apr 2020

 21. About - GHS Index—Why is it needed (2019) https ://www.ghsin 
dex.org/about /#Why-Is-the-GHS-Index -Neede d? Accessed 10 
May 2020

 22. Greenland JR, Michelow MD, Wang L, London MJ (2020) 
COVID-19 Infection. Anesthesiology. https ://doi.org/10.1097/
aln.00000 00000 00330 3

 23. Indini A, Aschele C, Cavanna L et al (2020) Reorganisation of 
medical oncology departments during the novel coronavirus 
disease-19 pandemic: a nationwide Italian survey. Eur J Cancer 
132:17–23. https ://doi.org/10.1016/j.ejca.2020.03.024

 24. Wright RW, Armstrong AD, Azar FM et al (2020) The American 
board of orthopaedic surgery response to COVID-19. J Am Acad 
Orthop Surg. https ://doi.org/10.5435/JAAOS -D-20-00392 

 25. Diaz A, Sarac BA, Schoenbrunner AR et  al (2020) Elec-
tive surgery in the time of COVID-19. Am J Surg. https ://doi.
org/10.1016/j.amjsu rg.2020.04.014

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMp2003762
https://doi.org/10.1056/NEJMp2003762
https://doi.org/10.1056/nejmms2009984
https://doi.org/10.1056/nejmms2009984
https://doi.org/10.1073/pnas.2004064117
https://doi.org/10.1073/pnas.2004064117
https://doi.org/10.7326/M20-1260
https://doi.org/10.7326/M20-1260
https://doi.org/10.1136/bmj.m1507
https://doi.org/10.1136/bmj.m1507
https://doi.org/10.1136/bmj.m1492
https://doi.org/10.1136/bmj.m1492
https://doi.org/10.1016/S0140-6736(20)30553-5
https://doi.org/10.1016/S0140-6736(20)30553-5
https://www.washingtonpost.com/graphics/2020/local/retropolis/coronavirus-deadliest-pandemics/
https://www.washingtonpost.com/graphics/2020/local/retropolis/coronavirus-deadliest-pandemics/
https://www.washingtonpost.com/graphics/2020/local/retropolis/coronavirus-deadliest-pandemics/
https://www.who.int/en/news-room/fact-sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
https://www.who.int/en/news-room/fact-sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
https://doi.org/10.3201/eid1011.040797_02
https://doi.org/10.3201/eid1011.040797_02
https://www.cdc.gov/flu/pandemic-resources/basics/past-pandemics.html
https://www.cdc.gov/flu/pandemic-resources/basics/past-pandemics.html
https://globalhealth.harvard.edu/monitoring-disease-preparedness
https://globalhealth.harvard.edu/monitoring-disease-preparedness
https://doi.org/10.1056/NEJMp1806283
https://www.ghsindex.org/about/
https://www.ghsindex.org/
https://www.ghsindex.org/
https://www.ghsindex.org/about/#Why-Is-the-GHS-Index-Needed
https://www.ghsindex.org/about/#Why-Is-the-GHS-Index-Needed
https://doi.org/10.1097/aln.0000000000003303
https://doi.org/10.1097/aln.0000000000003303
https://doi.org/10.1016/j.ejca.2020.03.024
https://doi.org/10.5435/JAAOS-D-20-00392
https://doi.org/10.1016/j.amjsurg.2020.04.014
https://doi.org/10.1016/j.amjsurg.2020.04.014


1805European Spine Journal (2020) 29:1789–1805 

1 3

 26. Donnally CJ, Shenoy K, Vaccaro AR et al (2020) Triaging Spine 
Surgery in the COVID-19 Era. Clin Spine Surg. https ://doi.
org/10.1097/bsd.00000 00000 00098 8

 27. Louie PK, Harada GK, McCarthy MH et al (2020) The impact of 
COVID-19 pandemic on spine surgeons worldwide. Glob Spine 
J. https ://doi.org/10.1177/21925 68220 92578 3

 28. Murray CJL, Barber RM, Foreman KJ et  al (2015) Global, 
regional, and national disability-adjusted life years (DALYs) for 
306 diseases and injuries and healthy life expectancy (HALE) 
for 188 countries, 1990–2013: quantifying the epidemiological 
transition. Lancet 386:2145–2191. https ://doi.org/10.1016/S0140 
-6736(15)61340 -X

 29. Vos T, Barber RM, Bell B et al (2015) Global, regional, and 
national incidence, prevalence, and years lived with disability 
for 301 acute and chronic diseases and injuries in 188 countries, 
1990–2013: a systematic analysis for the global burden of disease 
study 2013. Lancet 386:743–800. https ://doi.org/10.1016/S0140 
-6736(15)60692 -4

 30. Dowdell JE, Louie PK, Virk S et al (2020) Spine fellowship train-
ing reorganizing during a pandemic: perspectives from a tertiary 
orthopaedic specialty center in the epicenter of outbreak. Spine 
J. https ://doi.org/10.1016/j.spine e.2020.04.015

 31. Hohmann E, Brand JC, Rossi MJ, Lubowitz JH (2018) Expert 
opinion is necessary: delphi panel methodology facilitates a sci-
entific approach to consensus. Arthrosc J Arthrosc Relat Surg 
34:349–351. https ://doi.org/10.1016/j.arthr o.2017.11.022

 32. Linstone HA, Turoff M (eds) (2002) The delphi method tech-
niques and applications, 1st edn. New York, NJ, pp 4–6

 33. Coefficient of determination (R2)—an overview | Science direct 
topics. https ://www.scien cedir ect.com/topic s/mathe matic s/coeff 
icien t-of-deter minat ion-r2. Accessed 3 May 2020

 34. van Ginkel JR (2019) Significance tests and estimates for R2 for 
multiple regression in multiply imputed datasets: a cautionary 
note on earlier findings, and alternative solutions. Multivar Behav 
Res 54:514–529. https ://doi.org/10.1080/00273 171.2018.15409 67

 35. Saunders LJ, Russell RA, Crabb DP (2012) The coefficient of 
determination: what determines a useful R2 statistic? Invest 
Opthalmol Vis Sci 53:6830. https ://doi.org/10.1167/iovs.12-10598 

 36. 2.5 - The coefficient of determination, r-squared | STAT 462. https 
://onlin e.stat.psu.edu/stat4 62/node/95/. Accessed 8 May 2020

 37. Kilbourne ED (2006) Influenza pandemics of the 20th century. 
Emerg Infect Dis 12(1):9

 38. Cohen MS, Hellmann N, Levy JA et al (2008) The spread, treat-
ment, and prevention of HIV-1: evolution of a global pandemic. J 
Clin Invest 118:1244–1254

 39. Bauch CT, Oraby T (2013) Assessing the pandemic potential of 
MERS-CoV. Lancet 382:662–664

 40. (2015) Ebola: lessons for future pandemics. Lancet 386:2118. 
https ://doi.org/10.1016/S0140 -6736(15)01097 -1

 41. Al-Tawfiq JA, Memish ZA (2020) Middle east respiratory 
syndrome coronavirus and severe acute respiratory syn-
drome coronavirus. Semin Respir Crit Care Med. https ://doi.
org/10.1055/s-0040-17091 60

 42. The New coronavirus testing crisis at private labs—the Atlantic 
(2020) https ://www.theat lanti c.com/healt h/archi ve/2020/03/next-
covid -19-testi ng-crisi s/60919 3/. Accessed 25 Apr 2020

 43. Here’s how much coronavirus testing is enough : shots—health 
news : NPR (2020) https ://www.npr.org/secti ons/healt h-shots 
/2020/04/22/84052 6338/is-the-u-s-testi ng-enoug h-for-covid 
-19-as-debat e-rages -on-heres -how-to-know. Accessed 25 Apr 
2020

 44. COVID-19 Pandemic guidance for the health care sector—Can-
ada.ca (2020) https ://www.canad a.ca/en/publi c-healt h/servi ces/
disea ses/2019-novel -coron aviru s-infec tion/healt h-profe ssion als/

covid -19-pande mic-guida nce-healt h-care-secto r.html. Accessed 
28 Apr 2020

 45. What US hospitals should do now to prepare for a COVID-19 pan-
demic (2020) https ://www.cente rforh ealth secur ity.org/cbn/2020/
cbnre port-02272 020.html. Accessed 28 Apr 2020

 46. Nicoll A, Brown C, Karcher F et al (2012) Développer la prépara-
tion en cas de pandémie en europe au 21spi_supespii_sup siècle: 
expérience, évolution et prochaines étapes. Bull World Health 
Organ 90:311–317. https ://doi.org/10.2471/BLT.11.09797 2

 47. Shortage of personal protective equipment endangering health 
workers worldwide (2020) https ://www.who.int/news-room/detai 
l/03-03-2020-short age-of-perso nal-prote ctive -equip ment-endan 
gerin g-healt h-worke rs-world wide. Accessed 28 Apr 2020

 48. Coronavirus is causing a huge ppe shortage in the U.S. | Time 
(2020) https ://time.com/58239 83/coron aviru s-ppe-short age/. 
Accessed 28 Apr 2020

 49. German doctors pose naked in protest at PPE shortages | World 
news | The Guardian (2020) https ://www.thegu ardia n.com/world 
/2020/apr/27/germa n-docto rs-pose-naked -in-prote st-at-ppe-short 
ages. Accessed 28 Apr 2020

 50. Vergano M, Bertolini G, Giannini A et al (2020) Clinical ethics 
recommendations for the allocation of intensive care treatments in 
exceptional, resource-limited circumstances: the Italian perspec-
tive during the COVID-19 epidemic. Crit Care 24:165. https ://doi.
org/10.1186/s1305 4-020-02891 -w

 51. Mawer C (2020) Covid-19: We need to be open about rationing 
ventilators. BMJ 369:m1542. https ://doi.org/10.1136/bmj.m1542 

 52. Hinton D (2020) FDA emergency use authorization. https ://www.
fda.gov/media /13501 0/downl oad. Accessed 5 May 2020

 53. Kupferschmidt K (2020) China’s aggressive measures have slowed 
the coronavirus. They may not work in other countries. Science. 
https ://doi.org/10.1126/scien ce.abb54 26

 54. WHO Europe (2020) China shows COVID-19 responses must be 
tailored to the local context. In: euro.who.int. http://www.euro.
who.int/en/healt h-topic s/healt h-emerg encie s/coron aviru s-covid 
-19/news/news/2020/4/china -shows -covid -19-respo nses-must-
be-tailo red-to-the-local -conte xt. Accessed 28 Apr 2020

 55. Cyranoski D (2020) What China’s coronavirus response can teach 
the rest of the world. Nature 579:479–480

 56. How South Korea Reined in coronavirus without shutting every-
thing down : goats and soda : NPR (2020) https ://www.npr.org/
secti ons/goats andso da/2020/03/26/82168 8981/how-south -korea 
-reign ed-in-the-outbr eak-witho ut-shutt ing-every thing -down. 
Accessed 28 Apr 2020

 57. Song J-Y, Yun J-G, Noh J-Y et al (2020) Covid-19 in South 
Korea—challenges of subclinical manifestations. N Engl J Med. 
https ://doi.org/10.1056/nejmc 20018 01

 58. Containing coronavirus: lessons from Asia | financial times (2020) 
https ://www.ft.com/conte nt/e015e 096-6532-11ea-a6cd-df28c 
c3c6a 68. Accessed 28 Apr 2020

 59. COVID-19 and its impact on physician compensation (2020) https 
://www.becke rshos pital revie w.com/covid -19-and-its-impac t-on-
physi cian-compe nsati on.html. Accessed 28 Apr 2020

 60. Sivo S, Saunders C, Chang Q, Jiang J (2006) How low should 
you go? Low response rates and the validity of inference in IS 
questionnaire research. J Assoc Inf Syst 7:351–414. https ://doi.
org/10.17705 /1jais .00093 

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

https://doi.org/10.1097/bsd.0000000000000988
https://doi.org/10.1097/bsd.0000000000000988
https://doi.org/10.1177/2192568220925783
https://doi.org/10.1016/S0140-6736(15)61340-X
https://doi.org/10.1016/S0140-6736(15)61340-X
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1016/j.spinee.2020.04.015
https://doi.org/10.1016/j.arthro.2017.11.022
https://www.sciencedirect.com/topics/mathematics/coefficient-of-determination-r2
https://www.sciencedirect.com/topics/mathematics/coefficient-of-determination-r2
https://doi.org/10.1080/00273171.2018.1540967
https://doi.org/10.1167/iovs.12-10598
https://online.stat.psu.edu/stat462/node/95/
https://online.stat.psu.edu/stat462/node/95/
https://doi.org/10.1016/S0140-6736(15)01097-1
https://doi.org/10.1055/s-0040-1709160
https://doi.org/10.1055/s-0040-1709160
https://www.theatlantic.com/health/archive/2020/03/next-covid-19-testing-crisis/609193/
https://www.theatlantic.com/health/archive/2020/03/next-covid-19-testing-crisis/609193/
https://www.npr.org/sections/health-shots/2020/04/22/840526338/is-the-u-s-testing-enough-for-covid-19-as-debate-rages-on-heres-how-to-know
https://www.npr.org/sections/health-shots/2020/04/22/840526338/is-the-u-s-testing-enough-for-covid-19-as-debate-rages-on-heres-how-to-know
https://www.npr.org/sections/health-shots/2020/04/22/840526338/is-the-u-s-testing-enough-for-covid-19-as-debate-rages-on-heres-how-to-know
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/covid-19-pandemic-guidance-health-care-sector.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/covid-19-pandemic-guidance-health-care-sector.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/covid-19-pandemic-guidance-health-care-sector.html
https://www.centerforhealthsecurity.org/cbn/2020/cbnreport-02272020.html
https://www.centerforhealthsecurity.org/cbn/2020/cbnreport-02272020.html
https://doi.org/10.2471/BLT.11.097972
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://time.com/5823983/coronavirus-ppe-shortage/
https://www.theguardian.com/world/2020/apr/27/german-doctors-pose-naked-in-protest-at-ppe-shortages
https://www.theguardian.com/world/2020/apr/27/german-doctors-pose-naked-in-protest-at-ppe-shortages
https://www.theguardian.com/world/2020/apr/27/german-doctors-pose-naked-in-protest-at-ppe-shortages
https://doi.org/10.1186/s13054-020-02891-w
https://doi.org/10.1186/s13054-020-02891-w
https://doi.org/10.1136/bmj.m1542
https://www.fda.gov/media/135010/download
https://www.fda.gov/media/135010/download
https://doi.org/10.1126/science.abb5426
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/4/china-shows-covid-19-responses-must-be-tailored-to-the-local-context
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/4/china-shows-covid-19-responses-must-be-tailored-to-the-local-context
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/4/china-shows-covid-19-responses-must-be-tailored-to-the-local-context
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/4/china-shows-covid-19-responses-must-be-tailored-to-the-local-context
https://www.npr.org/sections/goatsandsoda/2020/03/26/821688981/how-south-korea-reigned-in-the-outbreak-without-shutting-everything-down
https://www.npr.org/sections/goatsandsoda/2020/03/26/821688981/how-south-korea-reigned-in-the-outbreak-without-shutting-everything-down
https://www.npr.org/sections/goatsandsoda/2020/03/26/821688981/how-south-korea-reigned-in-the-outbreak-without-shutting-everything-down
https://doi.org/10.1056/nejmc2001801
https://www.ft.com/content/e015e096-6532-11ea-a6cd-df28cc3c6a68
https://www.ft.com/content/e015e096-6532-11ea-a6cd-df28cc3c6a68
https://www.beckershospitalreview.com/covid-19-and-its-impact-on-physician-compensation.html
https://www.beckershospitalreview.com/covid-19-and-its-impact-on-physician-compensation.html
https://www.beckershospitalreview.com/covid-19-and-its-impact-on-physician-compensation.html
https://doi.org/10.17705/1jais.00093
https://doi.org/10.17705/1jais.00093

	Learning from the past: did experience with previous epidemics help mitigate the impact of COVID-19 among spine surgeons worldwide?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Survey distribution
	Statistical analyses

	Results
	Discussion
	Impact of previous epidemics on preparedness
	Impact of previous epidemics on COVID response
	COVID-19 and spine practice across the world
	Does the global health security index accurately predict impact of COVID-19?
	Limitations

	Conclusion
	Acknowledgements 
	References




