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Abstract: Past epidemic can inform us on psychological consequences in healthcare workers
(HCWs). Therefore, we conducted a systematic review and meta-analysis on the prevalence of post-
traumatic stress disorder (PTSD) in HCWs following the first epidemic of severe acute respiratory
syndrome coronavirus (SARS-CoV) in 2003. PubMed, Embase, Google Scholar, Psychinfo and Web
of Science were searched until July 2022. Random-effects meta-analysis were stratified by time of
follow-up. We included 14 studies: 4842 HCWs (32.0 years old, 84% women). Overall prevalence of
PTSD was 14% (95CI 12 to 21%). Prevalence of PTSD was 16% (8 to 24%) during the epidemic, 19%
(16 to 22%) within the 6 months after the epidemic, and 8% (4 to 13%) more than one year after the
end of the epidemic. The longest follow-up was three years after the epidemic, with 10% of HCWs
in PTSD. Nevertheless, the prevalence of PTSD was significantly lower more than one year after the
end of the epidemic than the first six months after the epidemic (Coefficient -10.4, 95CI -17.6 to -3.2,
p=0.007). In conclusion, prevalence of PTSD in HCWs was high during the first epidemic of SARS-
CoV in 2003 and remained high in long term. Lessons from SARS-CoV-1 epidemic may help to
prevent a wave of PTSD following the Covid-19 pandemic.

Keywords: Public health; mental health; occupation; infection; predictive strategy

1. Introduction

Post-traumatic stress disorder (PTSD) is a public health problem, increasing risk of
suicide and other psychiatric disorder.[1-3] Healthcare workers (HCWs) are in front line
in the care of patients in any epidemic[4] and are at risk of PTSD.[5] The current context
of global pandemic caused by SARS-CoV-2 is putting health staff to the test physically
and psychologically.[4] A tsunami of PTSD may follow the SARS-CoV-2 pandemic.[6] Ex-
ploring prevalence of PTSD following previous epidemics may inform us on the psycho-
logical consequences of the SARS-CoVZ p: ndemic.[7-9] In 2003, the first SARS-CoV epi-
demic limited its spread mostly to Southeast Asia and Canada.[10] Despite some studies
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attempted to describe PTSD in the HCWs who took care of patients during the first SARS-
CoV epidemic,[11-13] no robust conclusions were made on the prevalence of PTSD in
those HCWs. Several questionnaires have been proposed to assess symptoms of PTSD,
such as Impact Event Scale (IES)[14,15] or its latest revised edition (IES-R),[16] and Dis-
tress Tolerance Scale (DTS).[17,18] The occurrence of PTSD increases over the first year
following a stressful event.[19] PTSD can also be a chronic disease that evolves with time
and treatment,[2,3] however long-term consequences of the first epidemic of SARS-CoV
is under debate. Although never demonstrated in HCWs in contact with SARS-CoV pa-
tients, it seems that dose-response can be applied to PTSD.[20,21] Some sociodemographic
also happen to be predictive of people at risk of PTSD, such as being a women.[2,3,22]

"Towever, HCWs the most at risk of PTSD during an epidemic is not well known.

Therefore, we aimed to conduct a systematic review of the '**~rature and meta-anal-
ysis on the prevalence of PTSD in HCWs. Secondary objectives » re to assess if the time
from the epidemic impacted on prevalence, and to determine whether direct contact with
SARS-CoV patients affected the prevalence of PTSD, and to identify sociodemographic
that may contribute to the risk of PTSD in HCWs.

2. Materials and Methods

Literature search

We reviewed all studies involving all psychological and psychiatric issues in HCWs fol-
lowing the first SARS-CoV epidemic of 2003. The main databases (PubMed, Embase,
Psychinfo, Web of Science and Google Scholar) were searched using the following key-
words: (« Health care workers » OR “Healthcare workers”) AND (« Psychological disor-
der » OR « Psychiatric disord==) AND («SARS-CoV» NOT « SARS-CoV-2 » NOT «
COVID ») until September 2022 (uetails of the search strategy are listed in Appendix 1). To
be included, studies had to describe our main primary outcome i.e. to describe PTSD in
HCWs population during or following the first SARS-CoV epidemic of 2003. We excluded
studies that assessed PTSD in patients or other psychological disorder. All articles com-
patible with our inclusion criteria were included, independently of years of publication.
We limited our search to articles written in English. We imposed no limitation on regional
origin. Studies needed to be primary research. In addition, reference lists from all publica-
tions meeting our inclusion criteria were manually searched to identify any further studies
that were not found with the electronic search. Ancestry searches were also completed on
previous reviews to locate other potentially eligible primary studies. The search strategy
is presented in Figure 1. Two authors (Bastien Alberque and Rez Bagheri) conducted the
literature searches, reviewed the abstracts and articles independently, checked suitability
for inclusion, and extracted the data. When necessary, disagreements were solved with a
third author (Frédéric Dutheil).
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g Keyword used for search strategy: « Health Care Worker » AND « Psychological
k=] disorder » AND « SARS » NOT « SARS COV 2 »
- I I I !
S
= Pubmed Embase Web of science || Google Scholar Psychinfo
J n=330 n=393 n=211 n=26 n=205
o Potential eligible articles
£ n=1165
=
@
g
3 - Duplicates removed, n=306
- COVID, n=213
L | -HIN1, n=7
- Patient, n=45
— - Not psychological matters, n=543
- Other than English language, n=2
£
= Potential included articles
) n=51
=
- Psychological disorder other than
- PTSD, n=42
Included articles in systematic review
n=14
=
=
=}
E !
=
= Included for meta-analysis
n=13
88
Figure 1. Flow chart. 89
Data extraction 90

The primary endpoint was the analysis of PTSD in HCWs population during the 91
SARS-CoV epidemic of 2003. The data collected included first author's name, publication 92
year, study design, main and secondary outcome of each study, as well as inclusion and 93
exclusion criteria, sociodemographic (sample size of HCWs, age, percentage of males, 94
marital status, number of HCWs having children, seniority and occupation), and the 95
measures and prevalence of PTSD (number of PTSD, tool assessment and related scores, 96
time from the epidemic, working in department with high or low contact with patients 97
infected by SARS-CoV-1) 98

Quality of assessment 99

We used two grids to check the quality of included articles.[23,24] For the Newcastle- 100
Ottawa Scale (NOS), each item was assigned a judgment of “Yes” (1 point), “No” (0 point), 101
or “Can’t say” (0 point) (Figure 2 and Appendix 2). We also used the “STrengthening the 102
Reporting of OBservational studies in Epidemiology” (STROBE - 32 items/sub- 103
items).[25,26] The STROBE Statement is a checklist related to the title, abstract, introduc- 104
tion, methods, results and discussion sections of articles (Appendix 2). For both the NOS 105
and STROBE checklists, we attributed one point per item or sub-item, then converted into 106
an overall percentage reflecting the quality of each article. 107

Statistical considerations 108

We used Stata software (v16, StataCorp, College Station, US) for the statistical analy- 109
sis. Main characteristics were synthetized for each study population and reported as mean 110
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+ standard deviation (SD) for continuous variables and number (%) for categorical varia- 111
bles. When data could be pooled, we conducted random effects meta-analyses (DerSimon- 112
ian and Laird approach) to assess the prevalence of PTSD in HCWs. We stratified our 113
results by time from the epidemic (during the epidemic, 1 to 6 months after the end of the 114
epidemic, and more than one year after), and by contact (low and high) of HCWs with 115
patients infected by SARS-CoV-1. We evaluated heterogeneity in the study results by ex- 116
amining forest plots, confidence intervals (CI) and I-squared (I?). I2is the most common 117
metric to measure heterogeneity between studies, ranging from 0 to 100%. Heterogeneity 118
is considered low for 12<25%, modest for 25<I2<50%, and high for 1>>50%. We also 119
searched for potential publication bias by examining funnel plots of these meta-analyses. 120
We verified the strength of our results by conducting further meta-analyses after exclu- 121
sion of studies that were not evenly distributed around the base of the funnel. When pos- 122
sible (sufficient sample size), meta-regressions were proposed to study the relationship 123
between prevalence of PTSD, and time from the epidemic, contact with SARS-CoV-1 pa- 124
tients, and sociodemographic (age, sex, marital status, children, seniority, and occupation). 125
A particular attention was paid for the scale used to assess prevalence and symptoms of 126
PTSD. Results were expressed as regression coefficients and 95% CI. P-values less than 127
0.05 were considered statistically significant. Finally, we repeated all meta-analyses and 128
meta-regressions on scores of PTSD, for each dimension of the IES: IES-total, IES-intrusive, 129
and IES-avoidance. 130

3. Results 131

An initial search produced a possible 1165 articles (Fig 1). Removal of duplicates and 132
use of the selection criteria reduced the number of articles reporting PTSD in HCWs to 14 133
articles for the systematic review[11-13,28-38] and 13 articles for the meta-analysis — we 134
excluded one study because there was no number or scores of PTSD.[33] All included 135
articles were written in English. Descriptive characteristics of included articles are sum- 136
marized in Table 1. 137

Study designs of included studies 138

Included studies were published from 2004[28,30,35,37] to 2009.[11] All studies were 139
cross sectional except two cohort studies,[13,31] and all studies were conducted in South- 140
East Asia except two studies in Canada.[13,32] 141

Quality of articles 142

Using the NOS criteria, quality of included studies was good with a mean score were 143
75.0 £ 28.0%, ranging from 25%[37] to 100%[11,13,28,29,34,36] and thus heterogeneity be- 144
tween studies. They performed worst in controlling for confounders, as well as in lack of 145
details surrounding the exposure (Figure 2 and Appendix 2). Using STROBE, scores were 146
62.8 +7.2%, ranging from 56.3%[28] to 71.9%.[31] Most studies performed less in transpar- 147
ency regarding and addressment of missing data, the absence of flow chart, bias descrip- 148
tion and description of statistical analyses (Appendix 2). All studies mentioned ethical 149
approval, except four.[28-30,35] 150
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. Category of  Contact Hospital Age, Sex, PTSD Measurement
Study Country  Design . n —_— .
HCWs High/Low departement years %men n  Scale Time
. Cross- Doctors/Nurses High SARS unit 106 20 . X
Chan 2004 Singapour . n per age group - IES 2 months after epidemic
sectionnal Doctors/Nurses Low Non SARS unit 555 107
. Cross- High Sars unit 86 . . X
Chen 2005 Taiwan X Nurses 26.5+3.1 0 - IES During the epidemic
sectionnal Low Non SARS unit 42
Chong 2004 Taiwan Cohort All High/Low 1257 31.8+6.43 18.9 - IES
i 448 41.3 £10.2 14 4 1 ft idemi
Lancee2008  Canada  Cohort All g R IES A
ICU 139 45.0+9.6 13 2 2 years after epidemic
C High ED 66 33.5 7.6 13
Lin 2007 Taiwan .ross- All '8 DTS-C 1 month after epidemic
sectionnal Low Pscychiatry 26 34.5 11.5 5
Medical doctors 24 36.5 £6.7 100
. Cross- X X . . .
Lu 2006* Taiwan i Nurses High SARS unit 49 31.6 +5.5 6.1 = - During the epidemic
sectionnal
Other HCWs 54 311 +7.6 48.1
Cross- Hi SARS unit 587 14 81
Maunder 2006 ~ Canada TOSS All igh ' n per age group IES 1 year after epidemic
sectionnal Low Non SARS unit 182 10.4 15
High 106 29.2
E = During the epidemic
Low 70 24.3
McAlonan 2007 Hong-Kong  Cohort All . n per age group -
High 71 33.8 .
IES-R 1 year after epidemic
Low 113 37.1
Physiotherapist 18 2
Cross- O ti 1 I .
Sim 2004 Singapour sectir(()):;a 1 c:;s:a;;na Low Rehabilitation unit 13 n per age group - 2 1ES During the epidemic
Speech therapist 3 1
. SARS ICU 26 315 +6.2 10
High .
. Regular SARS unit 44 29.8 +7.6 13 A X .
Su 2007 Taiwan Cohort Nurses 0 DTS-C  During the epidemic
ICU 17 32.7 +4.3 2
Low
Neurology 15 254 +3.7 4
Cross- Doctors 38 31.6 +4.4 65.8 5
Tham 2004 Singapour ) Hi, Emer; IES 6 months after epidemic
8O sectionnal Nurses gn gy 58 321 +£92 8.6 12 P
G 1 High 32
C:;era ng o  B0=12 6 i the eoidem
(@rosse practitionner ow uring the epidemic
Verma 2004 Singapour Toss § - 1IES & H
sectionnal Traditionnal High 1 B0l 20 -
1 +9.
Chinese Medicine Low 326
Wu 2008 Chi Cross: All High 549 235 55 IES 3 fter epidemi
m 1 n . T 1 i
a sectionnal g per age group years after epidemic
Cross- Hi SARS unit 135 26
1 7u 2009 China TOSS All igh o n per age group  23.5 IES-R 3 years after epidemic
sectionnal Low Non SARS unit 414 29
Table 1. Characteristics of included studies 151

Risk of bias summary

Appropriate/Clearly focused question

Representativness of the exposed

Selection of the non exposed

Ascertainment of exposed
Assessment of outcome
Follow up long enough

Non respondents

|

General level of evidence

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

BLow risk of bias T Unclear risk of bias  mHigh risk of bias T Not applicable 152

Figure 2. Summary of risk of bias.(SIGN. 153
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Aims of included articles 154

All studies shared the main objective of assessing psychological or psychiatricimpact 155
of the SARS-CoV-1 epidemic of 2003 in HCWs, except one study that had the main objec- 156
tive of assessing the alcohol use in HCWs exposed to the SARS-CoV-1 outbreak.[38] More 157
specifically, six studies aimed to assess psychological impact and symptom of dis- 158
tress,[11-13,28-30,35] four studies assessed the psychiatric morbidity of the 2003 epi- 159
demic,[31,32,36,37] and one study was on perceived stress during and after the epi- 160
demic.[34] Twelve of the thirteen included studies mentioned secondary objectives: to 161
evaluate the impact of the epidemic on HCWs life in six studies,[12,28,30,31,35,37] to 162
search for factors associated to distress in five studies,[13,29,32,34,36] and to search fora 163
relation between PTSD and alcohol abuse in one study.[38] In total, only two studies di- 164
rectly named PTSD, but only in their secondary objectives.[34,38] 165

Inclusion and exclusion criteria of included studies 166

All included studies were on HCWs and on voiuiwary basis. All studies were con- 167
ducted on hospital ground, either monocentric[11,12,28-31,35,36,38] or multicen- 168
tric,[13,32,34] except one study that was conducted outside an hospital.[37] Occupations 169
included differed between studies: only nurses,[29,36] only doctors,[37] nurses and doc- 170
tors,[28,31] and all HCWs with[11,30,35,38] or without administrative staff.[12,13,32,34] 171
Only two studies had exclusion criteria: no comprehension of the questionnaire or no con- 172
tact with SARS-CoV-1 patients,[31] and a psychiatric history or whether HCWs contracted 173
the virus.[34] 174

Population 175

Sample size ranged from 47[35] to 1257[30] HCWs, for a total of 4842 HCWs. Age was 176
reported in all studies. The mean age of HCWs was 32.0 (95CI 29.2to 34.7). Sex was re- 177
ported in all studies except two.[28,35] The proportion of men was 16% (95CI 13 to 18%), 178
ranging from 0[29,36] to 60.6%.[37] Marital status was described in eleven studies.[11- 179
13,28-31,33,35,36,38] HCWs having children or not was described in three studies[13,29,36] 180
Other parameters were described in few studies like religion,[31] ethnicity,[28,35,37] edu- 181
cation,[11,33,34,38] previous psychological distress[32] and seniority.[29-32,36] 182

Assessment of PTSD 183

Among the thirteen included studies, eleven studies assessed PTSD with the IES 184
scale,[11,13,28-32,34,35,37,38] and two with the DTS scale.[12,36] All studies reported 185
prevalence of HCWs with PTSD, except four that reported only scores using the IES 186
scale.[30,34,37] 187

The IES was initially a questionnaire or self-questionnaire of 15 items (IES), that was 188
used in seven of included studies,[13,28-32,35,38] then revised in a version with 22 items 189
(IES-R), used in four studies.[11,34,37,38] All items were scored on a 5-point Likert scale 190
ranging from O to 4 (O=not at all, 4 =extremely), for a total score ranging from 0 to 60 for 191
the 1ES,[14,15] and from 0 to 88 for the IES-R.[16] The IES assesses two dimensions: the 192
IES intrusive that represents the ideas that disturb the normal thinking of a person, and 193
the IES avoidance that represents action a person would take to avoid a situation. The IES- 194
R added a third dimension: the IES hyperarousal that assesses trouble concentrating, an- 195
ger, irritability, and hypervigilance. IES score represents the risk of PTSD: the higher the 19
score, the higher the risk. The cut-off for symptomatic PTSD on IES score is under debate. 197
Consequently, cut-offs varied between our included studies: IES>20,[11,38] IES>25,[13,31] 198
IES>30[28,35] and IES>35.[29] Four studies did not report the cut-off used.[30,32,34,37] 199

The DTS is a self-report 17-item Likert-scale assessing the 17 symptoms of PTSD 200
listed in the DSM-IV.[17] All items evaluated frequency and severity of symptoms, each 201
scored on a 5-point Likert scale ranging from 0 to 4 (0O=never/no stress, 4=every 202
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day/extremely stressed), for a total score ranging from 0 to 136 (0 to 68 for severity and 0 203
to 68 for frequency). Similarly to IES, the higher the score, the higher the risk of PTSD. 204
Despite both frequency and severity scores can be determined, the two studies that used 205
the DTS scale reported only prevalence.[12,36] They used the Chinese version (DTS-C) 206
that was developed for Chinese-speaking individuals,[18] also including 17 items on two 207
Likert scales (frequency/severity) from 0 to 4. The most common cut-off for PTSD isa DTS 208
score >40/138.[17] In our meta-analyses, one study used a cut-off >23[36] and one >40.[12] 209

Characteristics of exposure 210

Time from the epidemic was reported in all studies: during the epidemic in six stud- 211
ies,[29,30,34-37] 1 to 6 month after the epidemic in three studies,[12,28,31] and more than 212
one year after the epidemic in five studies.[11,13,32,34,38] The longest follow-up in in- 213
cluded studies was 3 years.[11,38] Contact with the SARS-CoV-1 was reported in all in- 214
cluded studies. We defined as “high contact” the HCWs who took care of patients affected 215
by SARS-CoV-1 or who were working in SARS departments, and as “low contact” other 216
HCWs. Twelve studies described HCWs in high contact with the virus,[11-13,28— 217
32,34,36-38] seven studies compared “high contact” and “low contact” HCWs,[11,13,28— 218
30,36,37] and one study included only “low contact” HCWs.[35] 219

Meta-analysis of prevalence of PTSD in HCWs population 220

The overall prevalence of PTSD was 14% in HCWs (95CI .C".0 17%). More specifically, 221
the prevalence was 16% (8 to 24%) during the epidemic, 19% (16 to 22%) between 1 to 6 222
months after the end of the epidemic, and 8% (4 to 13%) more than 1 year after the epi- 223
demic. On the overall timeline, HCWs with high contact with the virus had a prevalence 224
of PTSD of 15% (10 to 19%) and those with low contact with SARS-CoV1 had a prevalence 225
of 12% (7 to 17%). Stratified meta-analysis by time and by contact with SARS-CoV7 226
showed a prevalence of PTSD of 22% (11 to 33%) in HCWs with high contact and 9% (2 tc¢« 227
17%) in those with low contact during the epidemic, 18% (14 to 23%) and 19% (16 to 23%) 228
in high and low-contact HCWs between 1 to 6 months after the end of the epidemic, and 229
9% (3 to 14%) and 7% (5 to 9%) more than 1 year after the epidemic. Most 12 were high 230
(>80%) highlighting heterogeneity between results (Figure 3 and Figure 4). 231
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Prevalence of PTSD in healthcare workers
n ptsd / n healthcare workers total

%
Study ES (95% C1} Weight

During the epidemic
Chen 2005, Nurses SARS conscripted
Chen F005, Nurses SARS high risk
Chen 2005, Nurses non SARS T e
Sim 2004, Dccupationnal fherapsls

Sim 2004, Physictherapists

Sam 2004, Speach therapsts

Su 2007, Non-SARS Coronary cane unil numsss
Su 2007, Non-SARS Neurelogy auraes

Su 2007, SARS ICU nurses 0.38 (D22, 0.57) 215
Su 2007, SARS reguiar nurses 030 (016 0.44) 3117

Subitotal (12 & T4.84%, p = 0.00) -:___'—":__‘—:-_—-- 016 (006, 0.24) 2E28

Between 1 to 8 months after the epidemic
Chan 2004, Non-SARS doclars

Chan 2004, Non-SARS nurses

Chan 2004, SARS doctorns

Chan 2004, SARS nurses

Lin 2007, Ernergency ward HCWs

Lim 2007, Peychiairic ward HCWs

Tham 2004, Emergency doctors

Thizm 2004, Emergency firses

Subtotal ("2 = 0.D0%, p = 0.93)

010 (003 0.28) 332
017 (0.10,0.28) 422
0.02(0.00,0.42) 543
0.13(0.03,0.38) 223
0.13(0.04,0.35) 270
0.13 (001, 0.66) 072
012 (003, 0.34) 273
027(0.11,0.52) 1.88

020(0.13,0.30) 4.34
—_— 0.18(0.16,0.23) 556
018 (0.08,0.35 340
0.18(0.12,0.29) 427
010(012,0.30) 411
018(0.08,0.38) 275
013 (006, 0.27) 377
0.21(0.12,033) 3.86

- 048 (0.16.0.22) 3167

Mare than one year after the epidemic

Lances 2008, HOWs Survey & intenvew &t 2 year —_— 001000005 58
Lanees 2008, HOWS Survey at one year -— 001000, 0.02) 6.00
Maunder 2006, Non-SARS HCWs, Hamillon hospitsis —_— 0.08 (005 0.43) 556
Maunder 2006, SARS HCWe, Teronis hosphals — 0.14(0.11,047) 578
Wi 2008, Hospital werkers —_— : 010 {006, 0.43) 584
W 2008, High eantact HCWs —_— 018(0.13,0.27) 45
Wi 2008, Low contact HOVS —— ! 007 (0.05,0.40)  5.84
Sublotal (I3 = 96.05%, p = 0.00) —— : 008 (0.04,0.13) 3985

1

1

Heterogensity between groups: p = 0.000

Overall (12 = 92.53%, p= 0.00); -r::.""‘_,__;:'- 014 (0,10, 0.47)  100.00

° “ 232

Figure 3. Meta-analysis on prevalence of post-traumatic stress disorder following the SARS-CoV-1 233
epidemic of 2003, by period of follow-up. 234

235

236
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Prevalence n studies I-squared Effect size Weight
of PTSD (subgroups) (%) (95% CI) (%)

All period of time

High contact . 8 (15) 937 =0 15% (10 to 19%) 63.1
Low contact VIt SARS-CoV-1 ¢ 1) 82 —O— 12% (Tt017%)  36.9
Overall 9 (25) 92.5 - 14% (1010 17%) 100
By time
During the epidemic
High contact . 2(4) 65.8 ——0—— 22% (1110 33%) 44.8
Low contact VN SARS-CoV-1 4 o) 328 |—O— 9% (210 17%)  55.2
Overall 3(10) 719 — 16% (810 24%) 100

1 to 6 months after

High contact . . s 3(6) 0 HO— 18% (14 to 23%) 35.6

Low contact "1t SARS-CoV=-1 o) - HO— 19% (16 to 23%) 64.4

Overall 3(8) 0 o g 19% (16 to 22%) 100
>1 year after

High contact . ~ya  30) 97.1 —O— 9% (310 14%) 714

Low contact "1t SARS-CoV-1- 5 o) - ey 7% (5109%) 286

Overall 3(7) 96.1 i 8% (410 13%) 100

Figure 4. Summary of meta-analysis on prevalence of post-traumatic stress disorder following the
SARS-CoV-1 epidemic of 2003, by contact with SARS-CoV-1 (high or low contact) and by time (fol-
low-up).

Meta-analysis of IES score in HCWs population

IES total score was 10.5 (95CI 6.4 to 14.6): 20.0 (17.7 to 22.3) in HCWs with high
contact and 8.2 (2.9 to 13.6) in HCWs with low contact with the SARS-CoV1. More specif-
ically, IES total was 15.1(7.2 to 23) during the epidemic: 20.8 (17.9 to 23.8) in high contact
and 7.7 (2.2 to 13.2) in low contact HCWs; and 12.6 (4.4 to 20.8) between one to six months
after the epidemic: 18.0 (11.7 to 24.4) in high contact and 15.7 (-5.1 to 36.5) in low contact
HCWs.

IES avoidance score was 5.0 (95CI 2.7 to 7.3) over the whole timeline: 8.8 (4.0 to 13.6)
in HCWs with high contact and 3.9 (1.3 to 6.5) in HCWs with low contact with the SARS-
CoV1. More specifically, IES avoidance was 6.3 (2.7 to 9.9) during the epidemic: 11.7 (3.7
to 19.7) in high contact and 4.7 (1.0 to 8.5) in low contact HCWs; and 7.4 (2.1 to 12.7) be-
tween one to six months after the epidemic: 7.2 (1.2 to 13.1) in high contact and 8.4 (-3.2 to
20.0) in low contact HCWs.

IES intrusive score was 6.2 (95CI 3.7 to 8.7) over the whole timeline: 6.5 (3.0 to 10.1)
in HCWs with high contact and 5.9 (2.4 to 9.3) in HCWs with low contact with the SARS-
CoV1. More specifically, IES intrusive was 7.1 (3.8 to 10.4) during the epidemic: 13.2 (5.6
t020.8) in high contact and 5.7 (2.0 to 9.3) in low contact HCWs; and 4.7 (0.7 to 8.7) between
one to six months after the epidemic: 5.1 (1.4 to 8.8) in high contact and 7.2 (-2.7 to 17.2) in
low contact HCWs.

Most 12 were low (<15%) for IES total, IES avoidance and IES intrusive. IES arousal
was never reported, and other IES scores were never reported more than one year after
the end of the epidemic (Appendix 3 and Appendix 4).

Meta-regression and influencing factors

The prevalence of PTSD was lower than one year after the end of the epidemic com-
pared to 1 to 6 months after the epidemic (Coefficient -10.4, 95CI -17.6 to -3.24, p=0.007),
and tended to be lower compared to during the epidemic (-6.63, -14.2 to 0.96, p=0.084).
HCWs with children were more at risk of PTSD (0.85, 0.27 to1.42, p=0.13). There was no
significant effect of contact with the virus (high vs low) or sociodemogaphic (age, sex,
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marital status) (Figure 5). No factors influencing IES scores (total, avoidance, intrusive)
were significant (Appendix 5).

Variables influencing Effect size p-

prevalence of PTSD (95% Cl) value

Age, years -0.72 (-1.76 t0 0.33) 0.16

Sex, % male -0.36 (-0.85t00.13) 0.13

Marital status, % married 0.04 (-0.09t0 0.18) 0.53

Children, yes vs no 0.85 (0.27t0 1.42) 0.013

Low contact vs High contact O -2.65 (-10.2t04.91) 0.48
Follow-up

During the epidemic vs 1-6 months after ——O—— -3.80 (-12.0t0 4.37) 0.35

During the epidemic vs >1 year after H+—O——  6.63 (-0.96 to 14.2) 0.084

1 to 6 months after vs >1 year after ——0O— 10.4 (3.24 to 17.6)  0.007

-15 -5 5 15

Figure 5. Factors influencing (meta-regressions) the prevalence of post-traumatic stress disorder
following Tab epidemic of 2003.

4. Discussion

The main findings were that the prevalence of PTSD for the first SARS epidemic in
2003 among HCWs is high, around 14%. Prevalence seems to remain high even more than
one year after the end of the epidemic. All HCWs were at risk of PTSD and not only those
working in SARS-CoV unit. Among personal risk factors, only having children may seem
to increase the risk of PTSD.

PTSD in healthcare workers: a public health issue

The high prevalence of PTSD in HCWs during the first epidemic of SARS-CoV-1 in
2003 is a problem that needs to be considered, particularly giving the actual context of the
COVID-19 pandemic.[6] In the current pandemic, HCWs are psychologically and physi-
cally put to the test.[4] PTSD could increase risk of suicide in HCWs, already at higher risk
by their work.[39] Some studies also reported an increase in medical errors in HCWs suf-
fering from burnout, suicidal ideation, and PTSD.[40,41] Thus, poorer quality care may be
a consequence of PTSD in HCWs.[42] Moreover, PTSD is also linked with oxidative stress,
metabolic disorders, stroke and cardiovascular disease, even in young HCWs.[43—46]
Since the intensity of the epidemic of SARS-CoV-2 is a way bigger than SARS-CoV-1, the
number of PTSD in HCWs may be very high following the actual pandemic.[6] COVID-
19 associated with insufficient staff and exhaustion may increase sick leave, turnover,[47]
and even resignation of HCWs.[30,32] Health system in multiple countries may be at
risk.[48,49] Preventive strategy for mental health of HCWs is urgently needed.[29,36] A
previous meta-analysis was conducted on psychological consequences of the SARS-CoV-
1 but did not assess the prevalence of PTSD and did not study putative influencing factors
such as contact with virus, time effect, or the importance of some sociodemographic.[50]

Long-term PTSD

We demonstrated a greater prevalence of PTSD (19%) within the six months after the
end of the SARS-CoV-1 epidemic, with still preoccupying long-term prevalence (8%) de-
spite a decrease after one year.[32,36] No study evaluated PTSD more than three years
after the end of the epidemic.[11,38] Prevalence of PTSD up to 44% were reported in SARS
patients four years after their infection,[51] and prevalence may remain high even decades
after a traumatic event.[52] PTSD could become a lifetime disorder[2] in some HCWs.
Considering very long-term consequences of PTSD and considering that recurrence of a
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traumatic event can worsen an existing PTSD,[11] workplace intervention should focus 305
on prevention of PTSD in HCWs. Some of the symptoms could be manage with proper 306
treatment and psychological help.[2,34] With appropriate training, HCWs can improve 307
their coping strategy, with better understanding of transmission process.[11,29] Interest- 308
ingly, one study described lower number of PTSD in HCWs working in low contact wards 309
but PTSD was a way more symptomatic with time.[29] HCWs from low contact wards 310
had more intrusive thoughts after the epidemic, maybe because they didn’t cope during 311
the epidemic.[29] 312

Contact with patient with SARS: a risk factor for PTSD 313

Despite a prevalence of PTSD at 22% in HCWs in high contact SARS-CoV-1 wards 314
and a prevalence at 9% for those working in a low contact ward, we failed to demonstrate 315
a significant higher proportion of PTSD. Only one study demonstrated a greater preva- 316
lence of PTSD in HCWs directly in contact with SARS-CoV-1 patients.[36] HCWs in SARS 317
wards may fear for themselves and their families since they could bring home the vi- 318
rus.[28,30] Media put pressure on HCWs working in SARS ward describing them as “He- 319
roes”, but also as “infection vector”.[30] HCWs could also become patients increasing 320
stress and causing a psychological stigma such as it was demonstrated with Ebola 321
epidmic.[9] Moreover, HCWs in SARS ward are often understaffed, meaning they are do- 322
ing more hours and taking care of more patients that they usually do during a health crisis, 323
increasing work-stress and anxiety.[30] Facemasks and other protective measures could 324
also be perceived as hard to work with, increasing difficulties to communicate and to so- 325
cialise.[12,34,35] On the opposite, such protective measures were already part of work of 326
some HCWS, such as for emergency or intensive care unit workers, [29,31] that may there- 327
fore have attenuated their stress of the epidemic. Prevalence of PTSD between physicians, 328
nurses, and other caregivers were not assessed. Identifying caregivers the most atrisk of 329
PTSD as well as determining factors influencing the risk of PTSD is necessary.[31,35,53] 330

Other influencing factors for PTSD 331

Besides time effect, the only other significant factor influencing the prevalence of 332
PTSD was the number of children. Two hypotheses may explain the increased risk of 333
PTSD for HCWs with children. Some HCWs may have intrusive thoughts of fear to spread 334
the virus to their families and children, that may lead to avoidance behavior.[33,37,54] 335
Moreover, as previously demonstrated for other outcomes, HCWs are mostly women and 336
they still have more at-home responsibilities than men in most countries.[55] Education 337
of children, nursing, and household care can be hard to combine with a full-time job.[39] 338
Even if we did not demonstrate that women were more at risk than men HCWs, women 339
may be more at risk of PTSD[2,3] by the additional strain imposed on them because of 340
their social roles.[39] Some studies showed that young adults may be at higher risk of 341
PTSD.[56] Lack of experience[32,36] may be compensate by organising team work be- 342
tween the older and younger HCWs.[29] Because of lacking data, meta-regressions oned- 343
ucation levels were impossible. However, some studies showed that HCWs with low ed- 344
ucation may be more at risk of PTSD, putatively in relation with their awareness of the 345
situation.[11,12] Being married showed contradictory results in the literature: it may help 346
HCWs to cope with the stress of epidemics,[33] but it may also increase fear to infect their 347
loved ones and thus risk of PTSD.[11,12] Personality could be a risk factor of PTSD.[57] 348
HCWs with psychiatric background might be more at risk since their psyche is already 349
labile.[32] An interesting factor that can influence the risk of PTSD in HCWs could also be 350
their willingness to be in contact with virus.[29] 351

Limitations 352
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Our study has some limitations. Meta-analyses inherit the limitations of the individ- 353
ual studies of which they are composed: varying quality of studies and multiple variations 354
in study protocols and evaluation.[58,59] The literature search and selection procedure 355
may have introduced biases, since only studies written in English were used. However, 356
the use of broader keywords in the search strategy limits the number of missing stud- 357
ies.[60] We conducted the meta-analyses on only published articles, therefore they were 358
theoretically exposed to publication bias. The sample size may seem low but the first epi- 359
demic of SARS-CoV-1 was geographically localized.[10] Consequently, generalizability of 360
our results is deemed impossible as the first SARS-CoV-1 epidemic was mostly in South- 361
East Asia and in Canada.[10] All included studies were based on self-report question- 362
naires that may lack of standardized interviews; however self-report questionnaires ena- 363
ble comparisons between studies. Percentage of respondents within those studies may 364
seem low, from 15% [35] to 75%,[37] however the response rate was higher than 365
usual.[61,62] Questionnaires are also subject to declarative bias.[63] Even if almost all 366
studies used the same scale (IES/IES-R), different score were used for the diagnosis of 367
PTSD that may explain the high heterogeneity between studies for prevalence of PTSD 368
and the low heterogeneity for IES scores. Only one study questioned the HCWs about 369
previous psychiatric disorders,[32] and our meta-analyses may lack of control for con- 370
founding factors. As most HCWs are female, selection bias is more likely to arise. Data 371
collection and inclusion/exclusion criteria were similar but not identical between studies, 372
which may have affected our results. Almost all studies were cross-sectional, givingusan 373
image at a given time. The lack of data for long-term prevalence for PTSD suggest imple- 374
menting cohort studies for several years to assess psychological impact on long term. 375

5. Conclusions 376

The HCWSs had a high psychological impact of the first epidemic of SARS-CoV in 377
2003. Prevalence of PTSD in HCWs was high (21%) during the first epidemic and re- 378
mained high in long term (13% more than one year after the end of the epidemic). PTSD 379
in HCWs seemed to be higher in HCWs working in departments with high contact with 380
SARS-CoV. Younger HCWs as well as women HCWs seemed the most impacted by PTSD. 381
Lessons from SARS-CoV-1 epidemic may help to prevent a public health issue in HCWs, = 382
with a wave of PTSD that may follow the Covid-19 pandemic. 383
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Appendix 1. Detailed search strategy. 388

("healthcare worker" OR "Health worker" OR "health care worker" OR "Health 389
workers" OR "health care workers" OR "hospital workers" OR "hospital worker" OR "hos- 390
pital employees” OR "hospital employee" OR "hospital staff" OR "hospital staffs” OR 391
"personnel hospital" OR "hospital personnel" OR "healthcare provider" OR "health per- 392
sonnel” OR "health care providers" OR "nurses" OR "nurse" OR "nursing personnel" OR 393
"nursing field" OR "discipline of nursing" OR "nursing profession”" OR "personnel nurs- 394
ing" OR "paramedical practitioners” OR "assistant healthcare" OR "healthcare support 395
worker" OR "professional allied health" OR "assistants healthcare" OR "healthcare assis- 39
tant" OR "healthcare assistants" OR "professionals allied health" OR "paramedics" OR 397
"health professionals allied" OR "healthcare support workers" OR "allied health profes- 398
sionals" OR "allied health professional" OR "population program specialists" OR "allied 399
health personnel” OR "therapists physical" OR "therapist physical" OR "physical therapist” 400
OR "physiotherapists" OR "physical therapists" OR "physiotherapist" OR "physicians" OR 401
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"doctor" OR "medical practitioner” OR "physician" OR "assistant nursing” OR "personal 402
care assistant”" OR "nursing assistant” OR "Nursing Assistants" OR "assistants nursing” OR 403
"provider health care" OR "healthcare professional” OR "health professional” OR "person- 404
nel health" OR "provider healthcare" OR "healthcare providers" OR "care personnel” OR 405
"field workers"” OR "providers health care" OR "health profession” OR "worker field" OR 406
"providers healthcare" OR "health care provider" OR "healthcare workers" OR "health care = 407
personnel” OR "fieldworker" OR "field worker" OR "primary care provider" OR "workers 408
field" OR "nursing staff hospital" OR "hospital nursing staffs" OR "hospital nursing staff" 409
OR "hospital registrars" OR "hospital registrar" OR "medical staffs hospital" OR "hospital 410
medical staff" OR "medical staff hospital” OR "hospital medical staffs" OR"medical staff" 411
OR "staffs medical" OR "staff medical" OR "medical staffs") 412

AND 413

(Psychosocial OR psychological OR anxiety OR stress OR stressors OR stressful OR 414
Stresses OR Anxieties OR "psychologic adaptation” OR "adaptation psychological" OR 415
"behavior coping” OR "behaviors coping” OR "skill coping" OR "behavior adaptive" OR 416
"adaptive behavior" OR "coping behavior" OR "skills coping" OR "coping behaviors" OR 417
"adaptation psychologic” OR "coping skill' OR "coping skills" OR "adaptive behaviors" 418
OR "behaviors adaptive" OR "psychological adaptation” OR "health mental” OR "mental 419
hygiene" OR "hygiene mental" OR "emotional health" OR "mental health” OR "mental 420
well-being" OR "caregiver burnout” OR "burn-out syndrome" OR "psychological burn- 421
out" OR "burnout" OR "student burnout" OR "burnout psychological’ OR "burnout 422
school" OR "school burnout” OR "psychological burn-out" OR "caregiver exhaustion" OR 423
"burnout syndrome" OR "burn-out syndrome" OR "psychological burnout" OR "burn-out" 424
OR "burn-out" OR "stressor psychological” OR "stressed" OR "stressors psychological" OR 425
"psychological stressors” OR "life stresses” OR "stress" OR "psychological stresses” OR 426
"psychological stressor" OR '"stresses job" OR "workplace stresses" OR "job-related 427
stresses" OR "work place stresses” OR "work-related stresses" OR "job stresses” OR "occu- 428
pational stresses" OR "stresses professional” OR "professional stresses" OR "posttraumatic =~ 429
neurosis" OR "posttraumatic psychosis" OR "complex ptsd" OR "neuroses post traumatic" 430
OR "moral injury" OR "stress disorders posttraumatic”" OR "moral injuries" OR "post-trau- 431
matic neuroses” OR "posttraumatic neuroses” OR "posttraumatic syndrome" OR "post- 432
traumatic stress disorder" OR "post-traumatic neuroses" OR "ptsd" OR "chronic ptsd" OR 433
"adjustment disorder diagnosis" OR "disorders adjustment” OR "culture shock” OR "ad- 434
justment disease" OR "depressions reactive" OR "grief reaction” OR "adjustment disorder 435
diagnosis" OR "disorders adjustment” OR "reactive disorder" OR "adjustment disorder" 436
OR "adjustment reaction" OR "adaptation reaction” OR "reactive depression” OR "depres- 437
sions reactive" OR "performance anxieties") 438

AND 439

("SARS virus OR "coronavirus infections" OR "corona virus infection" "sars-cov1" 440
OR "sars-cov-1" OR "sars-cov" OR "coronavirus sars" "sars-1" OR "severe acute respira- 441
tory syndrome sars cov" OR "severe acute respiratory syndrome sars" OR "sars-associated = 442
coronavirus" OR "severe acute respiratory syndrome sars cov" OR "sars-cov infection”" OR 443
"sars" OR "respiratory syndrome severe acute” OR "sars coronavirus infection” OR "coro- 444
navirus" OR "severe acute respiratory syndrome sars" OR "sars-cov infection" OR "respir- 445
atory syndrome severe acute" OR "sars severe acute respiratory syndrome" OR "severe 446
acute respiratory syndrome" OR "sars severe acute respiratory syndrome” OR "sars-asso- 447
ciated coronavirus" OR "severe acute respiratory syndrome sars diagnosis" OR "severe 448
acute respiratory syndrome sars diagnosis" OR "sars-related coronavirus" OR "severe 449
acute respiratory syndrome-related coronavirus" OR "severe acute respiratory syndrome 450
virus" OR "sars" OR "severe acute respiratory syndrome-related coronavirus" OR "severe 451
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acute respiratory syndrome coronavirus" OR "sars associated coronavirus urbani" OR 452
"sars-coronavirus" OR "severe acute respiratory syndrome sars coronavirus" OR "sars-re- 453

lated coronavirus" OR "severe acute respiratory syndrome associated coronavirus. 454
Appendix 2. Quality of articles using the Newcastle-Ottawa scale (NOS) and the 455
“STrengthening the Reporting of OBservational studies in Epidemiology” (STROBE 456
checklist). 457
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STROBE NOS
Abstract Discussion
. Method Results . . Total Score (%) Total Score (%)
Introduction Other informatior
Chan 2004 4 7 4 3 18 56.3 8 100
Chen 2005 3 6 5 4 18 56.3 8 100
Chong 2004 4 7 6 4 21 65.6 3 37.5
Lancee 2008 4 6 4 5 19 59.4 4 50
Lin 2007 3 7 4 4 18 56.3 7 87.5
Maunder 2006 3 9 6 4 22 64.7 8 100
McAlonan 2007 4 6 5 5 20 62.5 8 100
Sim 204 4 6 4 4 18 56.3 5 62.5
Su 2005 4 7 5 5 21 65.6 8 100
Tham 2004 4 8 6 5 23 67.6 4 50
Verma 2004 4 7 5 4 20 62.5 2 25
Wu 2008 4 8 6 5 23 71.9 5 62.5
Wu 2009 4 8 6 5 23 71.9 8 100

Appendix 3. Meta-analysis on IES score (total, intrusive and avoidance) following the

SARS-CoV-1 epidemic of 2003.

Subgroup and study

During the epidemic

Chen 2005, Nurses SARS conscripted
Chen 20035, Nurses SARS high risk
Chen 20035, Nurses non SARS

Chong 2004, All HCWs

Sim 2004, Occupationnal therapists
Sim 2004, Physiotherapists

Sim 2004, Speeach therapists
Subgroup, OL (F = 0.0%, p = 0.464)

Between 1 to 6 months after the epidemic
Chan 2004, Non-SARS doclors

Chan 2004, Non-SARS nurses

Chan 2004, SARS doclors

Chan 2004, SARS nurses

Tham 2004, Emergency doctors

Tham 2004, Emergency nurses

Subgroup, DL (I = 0.0%, p = 0.890)

More than one year after the epidemic

Lances 2008, HCWs Survey & interview al 2 year
Lances 2008, HCWs Survey al one year
MecAlonan 2007, High risk HCWs. 2004
McAlonan 2007, Low risk HCWs, 2004
Subgroup, DL [I2 =0.0%, p=0.878)

Heterogeneity batween groups: p = 0.747
Overall, DL (I = 0.0%, p=0.974)

ies_total
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ies_intrusive

Subgroup and shudy

During the epidemic

Chen 2005, Murses SARS conscripled
Chen 2005, Nurses SARS high risk —
Chen 2006, Nurses non SARS -

Chang 2004, All HCWs
Chang 2004, Nan-3ARS HCWs inilad phase
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Chan 2004, SARS doclars e
Chan 2004, SARS nurses —
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Appendix 4. Summary of meta-analysis on IES score (total, intrusive and avoidance)
following the SARS-CoV-1 epidemic of 2003, by contact with SARS-CoV-1 (high or
low contact) and by time (follow-up).

Impact Event Scale (IES) n studies I-squared Effect size Weight
(subgroups) (%) (95% CI) (%)
IES total
All period of time
High contact . P 5(9) 0.0 —O— 141 (741t0207) 377
Lowcontact VIt SARS-Cov-1 ) o) 0.0 —O— 83 (3110135 623
Overall 6 (16) 0.0 @ 105 (6.41t0 14.6) 100
By time
During the epidemic
High contact . A4 1@ 0.0 HOH 20.8 (17.9t023.8) 10.0
Low contact " SARS-CoV-1-5 ) 0.0 —O— 77 2210132) 900
Overall 2 (6) 0.0 — 151 (7.21023.0) 100
1 to 6 months after
High contact . v 2 0.0 —O0— 121 (3.21021.0) 844
Low contact "N SARS-CoV-1 @) 0.0 ' 15.7 (-5.11036.5) 1556
Overall 2 (6) 0.0 —— 12.6 (441020.8) 100
IES intrusive
All period of time
High contact . P 4 (8) 0.0 O~ 6.5 (3.0t010.1) 486
Lowcontact VIt SARS-CoV-1 ) o) 0.0 HO- 59 241093) 514
Overall 5 (16) 0.0 L 4 6.2 (3.7108.7) 100
By time
During the epidemic
High contact . g 24 0.0 —O— 132 (561020.8) 18.8
Low contact " SARS-CoV-1 4 ) 0.0 O 57 2.01093) 812
Overall 3(10) 0.0 - 71 (38t0104) 100
1 to 6 months after
High contact . ) . 2 (4) 0.0 O 47 (0.7t08.7) 86.1
Low contat Mt SARS-CoV-1 o) 0.0 —O—— 72 (27t0172) 13.9
Overall 2 (6) 0.0 - 51 (14t088) 100
IES avoidance
All period of time
High contact . ) : 4 (8) 0.0 —=O— 88 40t0136) 229
Lowcontact VIt SARS-CoV-1 ) o) 0.0 HOH 39 (131t065) 771
Overall 5 (16) 0.0 @ 5.0 (2.7107.3) 100
By time
During the epidemic
High contact . g 204 0.0 —O0— 117 3.71019.7) 187
Low contact " SARS-CoV-1 4 ) 112 O 47 (10t085) 813
Overall 3 (10) 12.3 2 g 63 (271099) 100
1 to 6 months after
High contact . ey 2 0.0 —O— 72 (12t0131) 790
Low contact "N SARS-CoV-1 @) 0.0 — O 8.4 (-3.21020.0) 21.0
Overall 2 (6) 0.0 4 74 211012.7) 100
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Appendix 5. Factors influencing (meta-regressions) IES score (total, intrusive and
avoidance) following the SARS-Co-V1 epidemic of 2003.

Variables Effect size p-
influencing ... (95% ClI) value
... score of IES total
Age, years + -0.19 (-1.51t01.13) 0.74
Sex, % male O -1.93 (-22.910 19.0) 0.45
Marital status, % married é -0.01 (-0.46t0 0.44) 0.94
Children, yes vs no 0.90 (-25.0t026.8) 0.73
Low Contact vs High Contact —O—1— -5.77 (-15.0t0 3.45) 0.20
Follow-up
During the epidemic vs 1-6 months after —O— -2.36 (-13.7t0 8.95) 0.66
During the epidemic vs >1 year after ’ O -2.49 (-16.2t011.2) 0.70
1 to 6 months after vs >1 year after : Q -0.12 (-15.4t0 15.1) 0.99
25 15 5 5 15 25
... score of IES avoidance
Age, years 0.54 (-1.19t02.28) 0.49
Sex, % male -0.15 (-0.911t0 0.61) 0.64
Marital status, % married 0.08 (-0.17t0 0.33) 0.51
Children, yes vs no 0.43 (-12.9t013.7) 0.75
Low Contact vs High Contact -3.93 (-10.5t02.70) 0.23
Follow-up
During the epidemic vs 1-6 months after -0.30 (-8.00t0 7.40) 0.93
... score of IES intrusive
Age, years -0.14 (-2.13t0 1.84) 0.87
Sex, % male -0.36 (-1.051t0 0.33) 0.23
Marital status, % married -0.03 (-0.22t0 0.21) 0.97
Children, yes vs no 3 0.36 (-14.5t0 15.2) 0.81
Low Contact vs High Contact ! -0.67 (-6.05t04.70) 0.79
Follow-up
During the epidemic vs 1-6 months after —O— 251 (-3.11t08.12) 0.36
15 10 -5 0 5 10 15
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