
After Day 9, he evolved with clinical improvement. On Day 10, the
third CVAT indicated a mild deficit in only one attention subdomain. The
response-inhibition subdomain was always spared, since the patient did
not have a clinically significant number of commission errors on any of
the test occasions. Moreover, he did not present disorientation, psychomo-
tor and autonomic overactivity, hallucinations, difficulty holding a coher-
ent conversation, somnolence, or decreased arousal. In addition, his
mental status examination was always unremarkable. Taken together, we
suggest that this patient suffered from a more limited dysfunction involv-
ing the attentional system.

On Day 16, he did not report any other symptom, and the CVAT was
normal. Then, he was submitted to higher-level testing using standardized
instruments (described in the Supplementary Appendix). Depression and
anxiety were measured using the 7-item Generalized Anxiety Disorder Scale
(GAD-7)9 and the Patient Health Questionnaire-9 (PHQ-9),10 respectively.
The patient’s scores did not meet criteria for anxiety (GAD-7 = 3) or depres-
sion (PHQ-9 = 6). Cognitive performance (Supplementary Appendix) was
always above the 75th percentile (memory, visuospatial perception, and exec-
utive functions). He was not taking any psychotropic medication.

The key aspect of this case was the decision made by the patient to
seek medical help after the attention impairment. A possible SARS-
CoV-2 infection allowed for prompt isolation. An early attention com-
plaint was the first clinical manifestation. A worsening in attention perfor-
mance on Day 6 preceded the maximum drop in the patient’s oxygen
saturation. Attentional deficits may be the first sign and the prodromal
stage of respiratory impairments in COVID-19.
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Effects of contact with
COVID-19 patients on the
mental health of workers
in a psychiatric hospital

doi:10.1111/pcn.13179

COVID-19 has negatively impacted the mental health of people in
general,1, 2 particularly that of workers treating COVID-19 on the front
lines.3, 4 At our psychiatric hospital, COVID-19 was diagnosed in five
inpatients and three workers, and each patient with a confirmed COVID-
19 diagnosis was transferred to the designated medical institution for
COVID-19, but the ward where other patients had had close contact with
COVID-19 patients remained as the COVID-19 ward. Workers in close
contact with COVID-19 patients were directed to stay at home, while staff
from other wards took over their duties in the COVID-19 ward. With this
situation, there was concern that the workers would experience mental
health problems related to the nosocomial infection.

Several studies have shown that frontline health-care workers
treating patients were at increased risk of anxiety and depression
symptoms.3–5 However, to the best of our knowledge, there is no research
on the effects of nosocomial COVID-19 infections in a psychiatric hospi-
tal on the mental health of workers, and therefore, we aimed to investigate
workers’ mental health state after dealing with nosocomial COVID-19
infections in our psychiatric hospital.

Anonymous questionnaires were distributed to all 468 hospital
workers composed of doctors, nurses, occupational therapists, psycholo-
gists, laboratory technicians, psychiatric social workers, pharmacists, die-
titians, and others (e.g., officers), and of these, 426 responded for this
study. The characteristics of the participants are shown in Table S1. The
questionnaire included items about the workers’ sex, age, presence of
close contact with COVID-19 patients, presence of housemates, and hos-
pital instructions (staying at home, no change in work, transfer to the
COVID-19 ward, or transfer to non-COVID-19 wards). Anxiety and
depression were assessed using the Japanese version of the Generalized
Anxiety Disorder-7 (GAD-7) and the Japanese version of the Patient Health
Questionnaire-9 (PHQ-9).6, 7 The Mann–Whitney U-test and Kruskal–
Wallis test were applied to compare the severity of each symptom. To
determine the potential risk factors, a multiple-linear regression analysis
was performed. Two-way analysis of variance was applied to determine the
interaction between the presence of housemates and close contact. This
study was approved by the Ethics Committee of Shichiyama Hospital.

The levels of both anxiety and depression were significantly higher
in workers who had been in close contact with COVID-19 patients and
who had been instructed to stay at home than in those who had not
(P = 0.013 and P = 0.00006, respectively; Fig. S1). Anxiety and depres-
sion levels significantly interacted with the presence of housemates
(P = 0.042 and P = 0.031, respectively; Fig. S2). A multiple regression
analysis indicated that being female and staying at home (with close con-
tact) increased the degree of both anxiety and depression (GAD-7: sex,
P = 0.022; stay at home, P = 0.010; PHQ-9: sex, P = 0.010; stay at home,
P < 0.001), while the presence of housemates increased anxiety levels
only (P = 0.035; Tables 1–2; also shown in Fig. S2a). Workers without
close contact with COVID-19 patients were divided into three groups: no
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change in work, transfer to the COVID-19 ward, and transfer to other
wards. These instructions did not affect workers’ anxiety or depression
levels (P > 0.05, respectively; Fig. S3).

The finding that the presence of housemates increased workers’ anx-
iety and depression might be due to them being afraid of passing
COVID-19 to their family members during staying at home and being
worried about stigma and social ostracism against their family.8, 9 We also
found that being a female was an independent risk factor for both anxiety
and depression, which is consistent with previous research.3, 5 These
results suggest that, in a psychiatric hospital, mental health care is needed,
particularly for female workers who are in close contact with COVID-19
patients and who live with housemates.

Contrary to our expectation that workers in a psychiatric hospital
tend to be nervous due to the lack of knowledge of coping with infectious
diseases,10 being transferred to the COVID-19 ward did not affect either
their level of anxiety or depression. This might be because the inpatients
with COVID-19 infection were transferred to other designated medical
institutions within 2 days.
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Table 1. Influence of different factors on Generalized Anxiety Disorder-7 score

Standardized coefficients Unstandardized coefficients

T PModel B Standard error Beta

(Constant) 1.236 1.344 0.919 0.358
Sex 1.148 0.500 0.110 2.294 0.022*

Age 0.365 0.203 0.088 1.796 0.073
Hospital instruction

No change (reference) — — — — —
Stay at home (with close contact) 1.552 0.602 0.133 2.579 0.010*

Transfer to the COVID-19 ward −0.277 0.741 −0.019 −0.373 0.709
Transfer to other wards 0.458 1.013 0.022 0.453 0.651

Housemate 1.419 0.670 0.101 2.118 0.035*

Predictors for Generalized Anxiety Disorder-7 scores of staff by multiple-linear regression: *P < 0.05.

Table 2. Influence of different factors on Patient Health Qestionnaire-9 score

Unstandardized coefficients Standardized coefficients

T PModel B Standard error Beta

(Constant) 3.971 1.378 2.882 0.004**

Sex 1.328 0.513 0.123 2.588 0.010*

Age −0.090 0.208 −0.021 −0.430 0.667
Hospital instruction

No change (reference) — — — — —
Stay at home (with close contact) 2.279 0.617 0.189 3.695 <0.001***

Transfer to the COVID-19 ward −0.028 0.760 −0.002 −0.037 0.971
Transfer to other wards 1.430 1.038 0.067 1.378 0.169

Housemate 0.379 0.687 0.026 0.551 0.582

Predictors for Patient Health Qestionnaire-9 scores of staff by multiple-linear regression: *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S1 Anxiety and depression in workers having close contact with
COVID-19 patients. The (a) Generalized Anxiety Disorder-7 (GAD-7)
score and the (b) Patient Health Qestionnaire-9 (PHQ-9) score were sig-
nificantly higher in the close-contact group (n = 110) than in the non-
contact group (n = 316) (P = 0.013 and P = 0.00006, respectively). Statis-
tical analyses were performed using the Mann–Whitney U-test. Bars rep-
resent mean � SEM.

Figure S2 Interaction between the presence of housemates and close con-
tact with COVID-19 patients. There was significant interaction between
the presence of housemates and close contact with COVID-19 patients
for the (a) Generalized Anxiety Disorder-7 (GAD-7) score and the
(b) Patient Health Qestionnaire-9 (PHQ-9) score (P = 0.042 and
P = 0.031, respectively). Statistical analyses were performed using two-
way analysis of variance (ANOVA). Bars represent mean � SEM. House-
mate (−), close contact (−), n = 53. Housemate (−), close contact (+),
n = 15. Housemate (+), close contact (−), n = 255. Housemate (+), close
contact (+), n = 103.

Figure S3 Anxiety and depression scores of workers after the directed
transfer. There was no significant difference in the (a) Generalized Anxi-
ety Disorder-7 (GAD-7) score or the (b) Patient Health Qestionnaire-9
(PHQ-9) score among the three groups: no change, transfer to the
COVID-19 ward, and transfer to other wards (P > 0.05, respectively). Sta-
tistical analyses were performed using Kruskal–Wallis test. Bars represent
mean � SEM. No change in work (n = 230), transfer to the COVID-19
ward (n = 58), transfer to non-COVID-19 wards (n = 28).

Table S1 Demographic characteristics of the study sample (n = 426).
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Dopaminergic circuitry in
late-life depression and Lewy
body disease

doi:10.1111/pcn.13181

We read with great interest the article by Moriya et al.,1 titled “Low
dopamine transporter binding in the nucleus accumbens in geriatric patients
with severe depression.” Dopaminergic neurons in the ventral tegmental area
(VTA) mainly project to the nucleus accumbens (NAc), which plays a criti-
cal role in the regulation of mood and motivation. With the development of

high-resolution positron emission tomography images acquired with a highly
selective radiotracer for dopamine transporter (DAT), the mesolimbic dopa-
minergic pathway has been recently investigated in patients with major
depressive disorder (MDD). Moriya et al.1 demonstrated a mesolimbic dopa-
minergic abnormality in geriatric patients with MDD using a radioligand of
[18F]FE-PE2I. In this study, patients with MDD (mean age, 70.1 � 6.4 years)
showed significantly lower DAT binding potentials in the NAc than the con-
trols, and a trend of lower binding potentials in the putamen was observed.
No significant differences in DAT binding potentials were found in the cau-
date and substantia nigra (SN). In two recent studies using DAT imaging
with a radioligand of [11C]PE2I, young or middle-aged patients with MDD
showed a significantly lower DAT availability in the putamen and VTA than
the controls.2, 3 However, no significant difference was found in DAT avail-
ability in the NAc between them. These radiological findings highlighted the
involvement of mesolimbic dopaminergic alterations in the development of
MDD; however, the role of the NAc in the pathophysiology of geriatric
depression could be different from that in young or middle-aged patients with
MDD. In the study by Moriya et al.,1 one of 11 MDD patients showed
clearly low DAT binding in the putamen and SN; therefore, the authors dis-
cussed the existence of a subgroup of MDD patients as having a prodromal
phase of Parkinson’s disease (PD). In terms of disturbances in monoaminer-
gic transmission from the brainstem nuclei, the potential association with
age-related neurodegeneration in late-life depression has been presumed as
one of the predisposing factors; however, neuropathological alterations in
the context of late-life depression remain unestablished.

Nigrostriatal dopaminergic neurodegeneration associated with Lewy
bodies (LB) is the cardinal neuropathological feature of PD and dementia
with Lewy bodies (DLB), which results in the development of motor symp-
toms.4 The dopaminergic neurons in the VTA were reported to be relatively
resistant to pathogenesis of PD,5 but those in the brains of patients with DLB
were poorly understood. Patterson et al. investigated neurodegenerative
pathology in dopaminergic circuitry in eight PD, 14 PD dementia, and
17 DLB patients in relation to depressive symptoms.6 Depressed cases
showed a significantly greater α-synuclein burden in the SN, VTA, and NAc
than the non-depressed cases across the clinical phenotype of LB disorders.
Although there was no difference in the neuronal density of VTA between
PD and controls, the neuronal density was significantly smaller in DLB than
controls. There was no association between depression and Alzheimer-type
pathology within nigrostriatal and mesolimbic dopaminergic pathways in
the brains of patients with LB disorders. Although depression is commonly
observed, even in the prodromal stages of LB disorders,7, 8 there are few
pathological data regarding the mesolimbic dopaminergic pathway in rela-
tion to late-life depression. Based on a community-based longitudinal
study, Wilson et al. clinicopathologically investigated the association
between the brainstem aminergic nuclei and late-life depressive symptoms
in 124 non-demented individuals (mean age at death, 87.7 years).9 A
higher level of depressive symptoms was associated with a higher density
of brainstem LB, but not with brainstem neurofibrillary tangles. A higher
level of depressive symptoms was associated with a lower density of tyro-
sine hydroxylase–immunoreactive neurons in the VTA (P < 0.001) and
SN (P < 0.03), but not in the locus coeruleus. When the VTA and SN
were included in the same model, only the neurons in the VTA were asso-
ciated with depressive symptoms. No association for tryptophan
hydroxylase–immunoreactive neurons in the dorsal raphe nucleus was
observed. As a lower neuronal density of VTA was associated with a
higher density of brainstem LB, the authors suggested that the association
of brainstem LB with depressive symptoms was in part owing to the neu-
ronal density of VTA. Considering that clinicopathological findings sug-
gest a 30–40% threshold of neuronal loss in the SN before the
appearance of motor symptoms,4 early involvement of the mesolimbic
dopaminergic system may be associated with prodromal depressive symp-
toms before fulfilling the clinical criteria for LB disorders.10 In relation to
dopaminergic neurodegeneration, LB-related pathology rather than
Alzheimer-type pathology could be a more vulnerable pathological basis
for the development of late-life depression. Further neuropathological and
radiological studies are needed owing to the limited data regarding mes-
olimbic dopaminergic pathway in the context of late-life depression.
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