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Abstract

Background During the initial wave of the COVID-19 pandemic, there was a surprisingly low incidence of SARS-
CoV-2 among People Who Use Drugs (PWUD) in Oslo, Norway, despite their heightened vulnerability regarding
risk of infection and severe courses of the disease.This study aims to investigate the seroprevalence of SARS-CoV-2
antibodies among PWUD, their antibody responses to relevant virus infections and COVID-19 mRNA vaccines, and
their vaccination coverage compared to the general population.

Methods Conducted as a prospective cohort study, data was collected from residents in six institutions for homeless
PWUD and users of a low-threshold clinic for opioid agonist treatment. Ninety-seven participants were recruited

for SARS-CoV-2 seroprevalence analysis. Additional two participants with known positive SARS-CoV-2 test results
were recruited for further analyses. Twenty-five participants completed follow-up. Data included questionnaires,

nasal swabs and blood samples. Data on vaccination coverage was obtained from the National Vaccine Register.
Serologic methods included detection of antibodies to relevant virus proteins, neutralizing antibodies to SARS-CoV-2,
antibodies to the full-length spike protein, and receptor-binding domain from SARS-CoV-2.

Results Among PWUD, antibodies to SARS-CoV-2 were detected in 2 out of 97 samples before vaccines against
SARS-CoV-2 were available, comparable to a 2.8% frequency in population-based screening. Levels of serum
antibodies to seasonal coronaviruses and Epstein-Barr-Virus (EBV) in PWUD were similar to population-based levels.
After the second vaccine dose, binding and neutralizing antibody levels to SARS-CoV-2 in PWUD were comparable to
controls. Eighty-four of PWUD received at least one dose of COVID-19 mRNA vaccine, compared to 89% in the general
population.
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Conclusion Results indicate that PWUD did not exhibit increased SARS-CoV-2 seroprevalence or elevated serum
antibodies to seasonal coronaviruses and EBV. Moreover, vaccine responses in PWUD were comparable to controls,
suggesting that vaccination is effective in conferring protection against SARS-CoV-2 also in this population.
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People who use drugs

Background

The World Health Organization (WHO) was first alerted
about several cases of viral pneumonia in Wuhan, China,
on December 31st 2019. On January 9th 2020 it was evi-
dent that the outbreak was caused by a novel coronavirus,
later called severe acute respiratory syndrome-related
coronavirus (SARS-CoV-2) and the disease caused by this
virus called coronavirus disease 2019 (COVID-19). The
first confirmed cases in the European region came Febru-
ary 24th in France, and on March 11th 2020, WHO char-
acterized COVID —19 as a pandemic [1, 2].

The first SARS-CoV-2 case in Norway was confirmed
on February 26th, 2020 [3]. The knowledge about this
virus was scarce at the time. Early experiences from the
Wuhan outbreak underscored high mortality rates, rapid
disease progression, and heightened risk among older
individuals and those with chronic conditions [4-8].
The strain on healthcare systems was palpable [6, 9]. To
mitigate these scenarios, Norway implemented extensive
measures, including a nationwide lockdown from March
13, 2020 [10]. This involved the closure of all non-emer-
gency services. A gradual reopening of society began on
April 7, 2020, starting with kindergartens and schools.
This process continued until August when new restric-
tions were imposed in response to the evolving pandemic
situation [11, 12].

Already from the beginning of the pandemic, great
concern was raised in regard to the spread of SARS-
CoV-2, and the severity and mortality related to COVID-
19 among people who use drugs (PWUD) [13-21]. This
concern has later been supported by several studies find-
ing that PWUD are at greater risk of being diagnosed
with COVID-19, having a more severe course of the
disease and also greater mortality related to the disease
[22-25].

Oslo has about 700 000 inhabitants with an estimated
1556 (CI95% 1236-1880) people who inject drugs
(PWID) in 2021 [26]. The Agency for Social and Wel-
fare Services in Oslo municipality (ASWS) offers health
and social services to PWUD 18 years and older, includ-
ing housing facilities (institutions), low-threshold health
services, needle exchange services, and a supervised
drug consumption site. In 2021, 1206 people were liv-
ing in one of the ASWS’s institutions for PWUD [27].
Comprehensive community services are provided in
close collaboration between the ASWS, non-governmen-
tal organizations (NGOs) and user organizations. The

specialist health services provide substance use treatment
including opioid agonist treatment (OAT). In addition, a
low-threshold clinic for OAT is operated in collaboration
between the specialist health service and the ASWS [28].

Risk management

The emergency management at the ASWS implemented
extensive measures to prevent and handle the risks of
spread of SARS-CoV-2 among PWUD. These included
frequent indoor and outdoor testing, routines for quar-
antine at the institutions, and performing risk evalua-
tions and developing emergency plans for each resident.
Further, separate institutions for quarantine (for people
with risk of infection without verified positive SARS-
CoV-2 test result) and isolation (for people with veri-
fied positive SARS-CoV-2 test result) were established
for PWUD. These institutions included substance use
treatment to aid withdrawal symptoms, as well as a con-
tingency plan in the event that emergency services and
hospitals became overloaded. Ambulatory services
(including delivery of OAT) were established in close col-
laboration between the ASWS, NGOs, speciality health
services and user organizations to compensate for closed
low-threshold in-door services during the “lock-down”.
Health personnel in the ASWS were reorganized to aid
in the above-mentioned measures, and nurses and doc-
tors voluntarily engaged in working 24/7-on-call shifts.
Additionally, information materials about SARS-CoV-2,
preventative measures, symptoms, testing and when and
how to seek help from health services were produced in
close collaboration with user organizations and dissemi-
nated through handouts and social media. The vaccines
against SARS-CoV2 became available during the first
months of 2021. PWUD were prioritized for vaccination
right after elderly and people with chronic diseases from
April 2021.

The emergency management at the ASWS was pre-
paring for an overwhelming number of infected and
severely ill persons among PWUD. However, during the
first wave of the pandemic very few PWUD tested posi-
tive or had severe courses of the disease. We hypoth-
esized that there had not been a spread of SARS-CoV-2
among PWUD, that PWUD had asymptomatic courses of
COVID-19 and, thus, had not been tested, or that PWUD
had acquired immunity towards SARS-CoV-2 through
previous virus infections. Furthermore, as the vaccines
against SARS-CoV-2 were novel and little was known
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about antibody responses and vaccine acceptance among
PWUD, we aimed to investigate the antibody response to
vaccines against SARS-CoV-2 and vaccination coverage
among PWUD compared to the general population.

Aims

The aims of this study were to investigate the seropreva-
lence of SARS-CoV-2, the antibody responses to seasonal
coronaviruses and EBV and to vaccines against SARS-
CoV-2, together with the vaccination coverage in PWUD
compared to the general population.

Materials and methods
Design
This was a prospective cohort study.

Setting

The data was collected from residents at six different
institutions in the ASWS and users of the low-threshold
clinic for OAT.

The institutions of the ASWS are low threshold hous-
ings with bed-sitting rooms for homeless PWUD from 18
years and above, many of which have co-morbid somatic
and psychiatric illnesses. The institutions are staffed with
social workers and some also have health personnel.

Participants

Residents at institutions of the ASWS where informed
about the study by staff members and recruited by health
personnel. All participants were invited to take part in
both the present study and in the broader COVID-19-
study which encompassed all patients at Oslo Univer-
sity Hospital and all blood samples analyzed for a large
biobank. The latter study also facilitated the collection
of data through registries, such as the National Vaccine
Registry. All, but one, consented to participate in both
studies.

The inclusion criteria were being a resident at one of
the ASWS’ institutions for PWUD or being a patient at
the low-threshold clinic for OAT, and consenting to par-
ticipate in the study. The exclusion criteria were not being
able to consent, i.e. because of psychosis or heavy drug
intoxication, or being under the age of 18. Two of the res-
idents were asked to participate on basis of known posi-
tive SARS-CoV-2-PCR test results. One of them had an
ongoing SARS-CoV-2 infection at the time of inclusion,
the other had tested positive one month earlier. These
two participants were not included in the seroprevalence
analyses. The second data collection was planned to take
place 3 months after the participants had received their
second dose of vaccine against SARS-CoV-2. Information
on vaccination coverage was collected from those that
consented also to participate in the COVID-19 study.
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Three reference groups were used for the analyses of
SARS-CoV-2 seroprevalence. To compare results with
the general population, blood samples were obtained
from the COVID-19 biobank at Oslo University Hospi-
tal. The biobank contains sera from healthy volunteers
that were obtained from participants in the Norwegian
Coronavirus study, the Mother and Child study, the Nor-
Flu study and health care workers. These samples were
divided into a prepandemic sample (i.e. collected in 2019,
n=1728), a COVID-19 convalescent sample (n=433),
and a healthy control sample (i.e. not previously tested
postitive for SARS-CoV-2) (n=648). The two latter con-
trol samples were collected in an overlapping period
with those from the PWUD donors (i.e. Nov-Dec 2020).
The healthy control sample was also used as reference for
the analyses of antibodies to seasonal coronaviruses and
Epstein-Barr virus. The “prepandemic” and “COVID-19
convalescent” samples were chosen as reference groups
to provide specificity and sensitivity of the SARS-CoV-2
antibody analyses. The “healthy control” sample was cho-
sen as reference group to compare seroprevalence in the
study population to the general population.

Two reference groups were used for the analyses of
antibodies against COVID-19 mRNA vaccines. As ref-
erence for immunocompromised individuals, we used
published data from a cohort of vaccinated patients
treated with anti-CD20 antibodies for Multiple Sclero-
sis [29] (n=337). The other reference group consisted of
samples from healthy vaccinated health care workers, the
Norwegian Coronavirus study and blood donors from
the COVID-19 biobank described above (#=267). These
reference groups were chosen to compare the antibody
responses to COVID-19 mRNA vaccines in the study
population with a group of immunocompromised indi-
viduals and the general population.

The vaccination coverage in the study population was
compared to the vaccination coverage in the correspond-
ing age group of the general population using data from
the National Vaccine Registry [30].

See work flow chart for details on study populations
and reference groups (Fig. 1).

Data collection

The first data collection was conducted from Novem-
ber 19th 2020 to February 9th 2021, before the vaccines
against SARS-CoV-2 became available in Norway. It
was based on a questionnaire that included information
about age, sex, use of drugs, years of injecting drug use,
status of vaccination (hepatitis A and B and the seasonal
flu), antiviral treatment (hepatitis C and HIV), former
SARS CoV-2 PCR test results, symptoms of covid-19
and other different chronic diseases. “Years of injecting
drug use” was defined as the number of years with inject-
ing drug use, independent of the number of injections
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2 PWUD actively recruited because of
known positive SARS-CoV-2 test results

100 PWUD recruited without
prior knowledge to test results

3 participants were excluded:
- 2 withdrew their consent
- 1 duplicate

REFERENCE GROUPS (General

97 participants for the analyses
on SARS-CoV-2 seroprevalence

population)

- Pre-pandemic sample (n=1728)
- COVID-19 convalescent sample
(n=433)

- Healthy control sample (i.e. no
previous positive SARS-CoV-2 tests)
(n=648)

on:

99 participants for the analyses

- Antibody responses against
seasonal corona viruses and
Epstein-Barr Virus

REFERENCE GROUP:

- Healthy control sample (i.e. no
previous positive SARS-CoV-2 tests)
(n=648)

98 participants consented to participate
in the COVID-19 study, thus, were
included in the vaccine coverage analyses
consisting of data from the National
vaccination registry

- Antibody responses to COVID-
19 mRNA vaccines

REFERENCE GROUPS:

- Vaccinated MS patients treated with
anti-CD20 antibodies (n=337)*

- Vaccinated healthy control sample,
(n=267)

)

REFERENCE GROUP:
Norwegian population (National
vaccination registry)**

—

74 participants were
lost to follow-up

- Age group 18-64 years (n=3.364.266)
- Total population (n=5.487.875)

25 participants included for the
follow-up study

Fig. 1 Work flow chart of participants and reference groups. Note. *) Based on published data from a cohort of vaccinated patients treated with anti-CD20
antibodies for Multiple Sclerosis [29] **) Data first published in the weekly report no 52/2022 by the Norwegian Institute of Public Health [30]

per year. Relevant health information was collected from
patient records. Swabs from nasopharynx and throat
were collected and sent to the Department of Microbiol-
ogy at Oslo University Hospital for SARS CoV-2 PCR test
[31]. Blood samples were collected to test for antibodies
against SARS-CoV-2 and other viruses like seasonal coro-
naviruses and EBV (see below). We included analyses for
antibody responses against seasonal corona viruses and
EBV because the seroprevalence for these viruses is close
to 100% in the adult population. We included results for
antibodies to EBV, since responses to this virus was not
expected to be influenced by the lockdown.

The second data collection was to be conducted within
3 months after the participants had received their second
dose of vaccine against SARS-CoV-2 and took place in
November 2021. Twenty five participants from the origi-
nal cohort were interviewed with a shortened version of

the baseline questionnaire, and blood samples were col-
lected and tested for antibodies as described above.

Data on vaccination against SARS-CoV-2 was collected
from the National Vaccine Register (SYSVAK) until the
end of 2022. We chose this end date to cover a period
when most people had received the recommended num-
ber of vaccine doses against SARS-CoV-2.

The participants received 100 Norwegian krone
(approximately 10 euros) for participation in the study at
baseline. At the second round of participation, the par-
ticipants received 200 Norwegian krone (about 20 euros).

Serologic methods

Antibodies to SARS-CoV-2, seasonal coronaviruses and
Epstein-Barr virus were measured using a bead-based
flow cytometric assay as described in detail earlier [32,
33]. Since the seroprevalence in Norway was lower than
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2% for most of 2020, we used a double cut-off to yield
fewer than 0.2% positives in pre-pandemic sera [34]. This
implies that samples had to be positive for antibodies
against the full-length Spike protein from SARS-CoV-2
as well as to the receptor-binding domain (RBD) (Fig. 2)
A similar strategy has been reported by others [35].

Data analysis

Numbers are presented as percentages (%) and frequen-
cies (n). SPSS version 28.0 was used for statistical analy-
ses [36].

Flow cytometry data were analysed in WinList 3D.
Median fluorescence intensity (MFI) of measured from
beads with virus proteins was divided by that measured
from beads with neutravidin only to determine relative
MEI (tMFI).

To assess the seroprevalence among PWUD, we mea-
sured antibodies to Spike-FL, and RBD from SARS-
CoV-2 in sera obtained in November 2020. Results
obtained with pre-pandemic sera and sera from indi-
viduals with PCR-confirmed COVID-19 convalescents
showed that a double cut-off for anti-RBD and anti-spike
yielded a sensitivity of 98.2% and a specificity of 0.3%.
(Fig. 2a-b).

For the purpose of sensitivity analyses, we also anal-
ysed the seroprevalence of SARS-CoV-2 including the
two participants that were actively recruited because of
known positive SARS-CoV-2 PCR test results.

To assess antibody responses to vaccination, we used
a serially diluted serum as standard to convert rMFI
to binding antibody units per millilitre (BAU/ml) for
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standardized measurement of antibodies to RBD from
SARS-CoV-2 [32].

RMFI values measured for antibodies to seasonal coro-
naviruses and EBV were compared to those measured in
healthy individuals. Significance of difference was anal-
ysed using the Mann-Whitney non-parametric test.

Results

Questionnaires

Participants

At baseline, questionnaires, swabs and blood samples
were collected from 102 participants, of which two peo-
ple withdrew their consent, and one duplicate was found
(one person participated twice). This gives a total of 99
participants at baseline, with 97 participants being eli-
gible for the seroprevalence analyses Ninety-eight par-
ticipants gave additional consent to take part in the larger
COVID-19 study. (See Fig. 1).

Of the participants at baseline, 76.8% were male and
the mean age was 44 (range 22-67). 25 persons par-
ticipated in the second data-collection. Of them, 76.0%)
were male and the mean age was 46 (range 27-60) (see
Table 1).

Drug use and vaccination status at baseline

Heroin, amphetamine, and cannabis were the drugs
most usually taken, and smoking/nasal or injection were
the most common routes of drug administration (see
Table 1). Eighty participants answered the question about
how many years they had injected drugs. The mean num-
ber of years of injecting drug use was 16.7 (range 0-50,
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Fig. 2 Measurements of SARS-CoV-2 seroprevalence. Note. The dot plots show levels of antibodies (log 10) to indicated SARS-CoV-2 proteins in sera
from indicated cohorts. Each dot represents a different sample. Spike-FL: full-length spike protein from SARS-CoV-2. RBD : receptor-binding domain.
Bead-based arrays with virus proteins were incubated with serum diluted 1:100, labelled with R-Phycoerythrin (R-PE)-conjugated anti-human IgG Fc and
analyzed by flow cytometry. The values correspond to R-PE median fluorescence intensity (MFI) measured for beads with indicated virus protein divided
by the MFI measured for beads with neutravidin only. The dashed lines correspond to cutoffs set by analyzing prepandemic samples (a)
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Table 1 Baseline and follow-up questionnaires
QUESTIONNAIRE BASELINE (N=99)
Type of drugs usually taken n Valid per cent
Heroin 72 72.7
Amphetamine 53 535
Benzodiazepines 29 29.2
Cannabis/THC 44 444
Alcohol 10 10.1
Cocaine 4 4.0
GHB 5 5.1
Other 4.0
Drug administration route n Valid per cent
Oral 30 303
Smoking or nasal 89 89.9
Injection 68 68.7
Several administration routes including injection 26 26.3
Vaccination (yes) n Valid per cent
Hepatitis A and B (N=85) 35 412
Seasonal flu (N=87) 14 16.1
QUESTIONNAIRE BASELINE (N=99) FOLLOW-UP (N=25)
Sociodemographics Mean SD Mean sD
Age 44 1.2 46 104

n % n %
Sex (male) 76 76.8 19 76.0
Antiviral treatment (yes) n(N) Valid % n(N) Valid %
Hepatitis C (previous or current) 27 (87) 31.0 27 (25) 8.0
HIV (ongoing) 2(92) 22 1(25) 40
Tested for SARS-CoV-2-RNA (PCR) n(N) Valid % n(N) Valid %
Yes (once or several times) 53(99) 53,5 21 (25) 84,0
Don't remember 1(99) 1.0 - -
Symptoms at the time of PCR-test N=53 N=21

n=43 Valid % n=20 Valid %
None (routine-testing) 36 83.7 10 50.0
Yes 7 16,3 3 15.0
Don't remember® - - 7 350
Test results from previous PCR-tests N=53 N=21

n=53 Valid % n=21 Valid %
Positive 2¢ 338 2 95

Nis the number of eligible participants answering the questions, n is the number of participants answering to the item. Valid percentages are given

1 person had ongoing HCV-treatment at the time of the questionnaire and blood test

b This option was only in the follow-up questionnaire

9 Both patients were recruited because of the known positive test result for SARS-CoV-2

SD: 13.3). Eleven participants (13.8 valid %) had never
injected (data not shown in table).

Regarding vaccination status concerning hepatitis A
and B and the seasonal flu: About 41% had received vac-
cination against hepatitis A and B and 16% had received
vaccination against the seasonal flu (Table 1). Eighteen
(21.2 valid %) said they did not know whether they had
received a vaccination against hepatitis A and B (data not
shown in table).

Antiviral treatment and previous testing for SARS-CoV-2 at
baseline and follow-up

The questions about antiviral treatment and previous
testing for SARS-CoV-2 were asked both at baseline
and follow-up. About one third of the baseline partici-
pants had undergone treatment for hepatitis C (Table 1).
Amongst the 25 participants from the second data col-
lection, two had received hepatitis C treatment since
the baseline questionnaire, one of them was on ongoing
treatment. Two of the baseline participants answered
that they were currently on antiviral treatment for HIV.
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One of them also participated in the second data-collec-
tion (Table 1).

In the first questionnaire, about half the participants
answered that they had been tested for SARS-CoV-2
at least once. About 2/3 of the tested participants had
undergone routine testing (i.e. related to hospital admis-
sion or quarantine) with no symptoms at the time, and
two had received a positive result for SARS-CoV-2. Both
of the participants that had a previous positive test were
actively recruited because of the known positive results.
Between the first and second data collection, 84 per cent
of the participants at follow-up had been tested at least
once, most of them had undergone routine testing (i.e.
without symptoms) and 2 reported that they had a posi-
tive test since the first data collection. (See Table 1).

Results from SARS-CoV-2 PCR and antibody tests
SARS-CoV-2 PCR swab test

During the first data collection, one out of the 99 swab
samples was positive for SARS-CoV-2 by PCR. This sam-
ple was collected from the participant that was recruited
from the institution for isolation due to an ongoing
SARS-CoV-2 infection (data not shown in table).

The seroprevalence of SARS-CoV-2 in people who use drugs in
2020 compared to that in the general population

Two out of 97 (2.1%) samples from PWUD were above
the cut-off specificity (99.5%) and sensitivity (92%) (95%

PWUD
n=99
95% Cl [0,001, 0,079]

4.0%

Anti-Spike-FL
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CI [-0.07, 0.11]) (Fig. 2c). The corresponding frequency
for population-based screening in 2020 was 2.8% (95% CI
[0.02, 0.04]) (Fig. 2d). Sensitivity analyses including all the
participants in the baseline cohort (N=99) gave a preva-
lence estimate of 4.0% (95% CI [0.00, 0,08]) (See Fig. 3).
Since the 95% Confidence Intervals (CI) of the prevalence
estimates overlap between the study population, the con-
trol sample, and the sensitivity analyses, we conclude that
the seroprevalence of SARS-CoV-2 in the study popula-
tion is similar to that of the general population.

The levels of serum antibodies to seasonal coronaviruses

and EBV among people who use drugs compared to those
observed in the general population

The bead-based arrays also measured spike proteins (S1
domains) from seasonal coronaviruses. We also included
results for antibodies to nuclear protein EBNA1 from
EBV. Since the sera were analysed at a single dilution
(1:100), we cannot estimate exact titres. However, the
results show that the levels measured in PWUD were at
least as high as those measured in sera obtained from
individuals included in population-based screening.
Thus, we neither found any evidence of immunodeficiency
among PWUD nor any pre-existing increased immunity
(Fig. 4).

Controls
n=648
95% CI [0.015, 0.040]

2.8%
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Fig. 3 Sensitivity analyses of SARS-CoV-2 seroprevalence. Note. The dot plots show levels of antibodies (log 10) to indicated SARS-CoV-2 proteins in sera
from indicated cohorts. Each dot represents a different sample. Spike-FL: full-length spike protein from SARS-CoV-2. RBD : receptor-binding domain.
Bead-based arrays with virus proteins were incubated with serum diluted 1:100, labelled with R-Phycoerythrin (R-PE)-conjugated anti-human IgG Fc and
analyzed by flow cytometry. The values correspond to R-PE median fluorescence intensity (MFI) measured for beads with indicated virus protein divided
by the MFI measured for beads with neutravidin only. The dashed lines correspond to cutoffs set by analyzing prepandemic samples (Fig. 2a)
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Fig. 4 Levels of antibodies to seasonal coronaviruses and EBV in people who use drugs (PWUD) and controls. Note. The bar and whisker plot shows levels
of antibodies to spike proteins (ST domains) from indicated virus and the EBNAT protein from EBV in PWUD (n=99) and healthy controls (n=648). The
values correspond to anti-lgG R-PE median fluorescence intensity (MFI) measured for beads with indicated virus protein divided by the MFI measured for

beads with neutravidin only

Vaccination rates and responses to COVID-19 mRNA
vaccines

At the time of the second data collection (November
2021), all 25 participants had received dose 1 and 24 had
received dose 2 of the vaccines against SARS-CoV-2.
The one participant that had received only one dose
had a confirmed positive SARS-CoV-2 PCR test 46 days
before the second data collection. Another participant
had a positive SARS-CoV-2 PCR test 10 days prior to the
assessment. The blood samples for the second data col-
lection were to be taken within 3 months after the second
dose of vaccination, however, the mean number of days
between dose 2 (or confirmed case of COVID-19) and
the data collection was 137 days (range 10-208, SD: 52.1)
(data not shown in table).

By the end of 2022, 84% of the study participants had
received the first dose of vaccination, 74% had received
dose 2, 31% had received dose 3 and 3% had received
dose 4. In the general population, the corresponding per-
centages from the equivalent age group (18-64 years)
were 89%, 86%, 60%, and 5%, respectively (see Table 2).

Responses to COVID-19 mRNA vaccines in people who use
drugs compared to those observed in healthy individuals
and individuals on immunosuppressive treatment

To assess humoral immune responses to SARS-CoV-2
Spike mRNA vaccination, we measured binding- and
neutralizing antibodies to the RBD from SARS-CoV-2 in

sera obtained from the 25 participants described above.
Results obtained with samples from healthy individuals
or patients with multiple sclerosis who were treated with
B-cell-depleting anti-CD20 antibodies were included as
positive and negative controls, respectively [29] (Fig. 5a-
b, d-e). Antibodies were barely detectable in the sample
obtained 8 months after a single COVID-19 mRNA
vaccine and in two samples from PWUD obtained six
months after the 2nd dose (Fig. 5¢). Most samples from
PWUD were obtained more than 115 days after the sec-
ond dose. The median anti-spike titer at this time was
445 Binding Antibody Units per milliliter (BAU/ml),
compared to 739 BAU/ml in samples obtained from
healthy controls 115 days after the second dose (p=0.07,
ns) (Fig. 5a, ¢).

The results in Fig. 5d-f show time-dependent varia-
tion in the inhibitory effects of sera on ACE2-binding to
RBD from SARS-CoV-2 (Wuhan). Low ACE2-binding
indicates high levels of neutralizing antibodies, and the
signals measured in most samples from MS patients on
anti-CD20 therapy serve as an example of a total lack of
neutralizing activity (Fig. 5e). Inhibition of ACE2-binding
to RBD was observed in 91% of sera from healthy con-
trols. The corresponding frequency in PWUD was 64%,
but it is worth noting that most sera were obtained later
than 150 days after vaccination. The median inhibition
of ACE2-binding to RBD was 56% and 66% in samples
from PWUD and healthy controls, respectively (p=0.1,
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Table 2 Vaccines against SARS-CoV-2 given from the time they became available and through 2022. The study population of people
who use drugs (PWUD) compared to the general population

PWUD General population*
N=98 Age group 18-64 years Total population
N=3 364266 N=5 487875
n (%) 95% Cl % %
Lower Upper

Dose 1 83 (84) 0.77 091 89% 77%
Dose 2 73 (74) 0.65 0.83 86% 72%
Dose 3 3131 0.22 040 60% 53%
Dose 4 313) -0.00 0.06 5% 16%

Study participants all received COVID-19 mRNA vaccines

N=number of population and study participants

n=number of study participants receiving vaccine against SARS-CoV-2

% = per cent

95% Cl=95% confidence interval. Considering the very large sample size of the general population samples, giving a very narrow 95% Cl, only the point estimates
are provided for these prevalences

* Data first published in the weekly report no 52/2022 by the Norwegian Institute of Public Health [30]
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Fig.5 Levels of antibodies to the receptor-binding domain (RBD) of the SARS-CoV-2 spike protein in sera obtained after COVID-19 vaccination of people
who use drugs (PWUD), people treated with anti-CD antibodies for Multiple Sclerosis and healthy controls. Note. a-c) The dot plots show levels of antibod-
ies to the receptor-binding domain (RBD) of SARS-CoV-2 measured in sera obtained at indicated time point (x-axis) after the 2nd COVID-19 mRNA vaccine
dose. Each dot corresponds to a different sample. Sera were obtained from healthy individuals (n=267), MS patients on anti-CD20 therapy (n=337)*) and
PWUD (n=25). Signal values were converted to binding units per millilitre (BAU/ml) as described in the methods section. The dashed line corresponds to
the detection limit. d-f: The dot plots show inhibitory effects of the sera on binding of ACE2 to RBD (y-axis) versus days after the 2nd COVID-19 mRNA vac-
cine dose. Values below the dashed line are considered to indicate neutralizing activity. *) Based on published data from a cohort of vaccinated patients
treated with anti-CD20 antibodies for Multiple Sclerosis [29]

ns) (Fig. 5d, f). While the number of samples from PWUD
was small, we conclude that there was no clear difference
between PWUD and healthy individuals with regard to
humoral immune responses to COVID-19 vaccination.

Discussion

We conducted this study as a response to the surpris-
ingly low number of SARS-CoV-2 PCR confirmed cases
in this group during the first wave of the pandemic in

Oslo. We postulated that people in this group could have
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had asymptomatic infections and therefore had not been
tested, that there had been little contact between the gen-
eral population and this group and thus a low spread of
the virus into the group, or that they had acquired pro-
tective immunity towards SARS-CoV-2 through previous
virus infections, like the seasonal coronavirus. However,
we found the seroprevalence of SARS-CoV-2, the sero-
logic responses to seasonal coronaviruses and EBYV, the
humoral immune responses to COVID-19 mRNA vac-
cines, and the vaccination coverage to be similar between
PWUD and the general population.

The participants of this study were mostly male with
a mean age of 44 years. The preferred drugs of use were
heroin, amphetamines and cannabis and the preferred
routes of administration were smoking/oral and injec-
tion. This is comparable to other studies from this group
[28, 38, 39].

In our study, we found that about half the participants
at baseline had a previous PCR-test of SARS-CoV-2 and
that most of them had undergone routine testing (i.e.
without symptoms). None of the asymptomatic cases
had received a positive PCR-test result. We found that
the seroprevalence of SARS-CoV-2 among our partici-
pants was comparable to that in the general population.
There are only a few other studies on seroprevalence of
SARS-CoV-2 in people with substance use disorders
(SUD) compared to the general population. Djuric and
colleagues conducted a registry-based study with data
from patients in addiction services and the general popu-
lation in Northern Italy. They found a lower risk of having
SARS-CoV-2 among people with SUD compared to the
general population even though they had a higher risk
of being tested for SARS-CoV-2 [40]. Similarly, a study
by Lindquist and colleagues found a lower prevalence of
SARS-CoV-2 among people with SUD attending a needle
exchange program in Stockholm [41] when comparing
to the prevalence of SARS-CoV-2 found in a study on
healthy blood donors from the same region and period
[42]. A study by Vallecillo and colleagues, found a simi-
lar incidence of COVID-19 among patients on OAT [43]
compared to an age-reference general population [44].

These studies together with ours, point in another
direction than the many studies finding a higher preva-
lence of SARS-CoV-2, more severe morbidity and greater
mortality related to the disease among PWUD [22-25].
Strathdee and colleagues found a prevalence of SARS-
CoV-2 among PWUD in the San Diego-Tijuana border to
be higher than estimates from the general population in
either city [45, 46]. Wang and colleagues did a retrospec-
tive case-control study of electronic health records. They
found a significantly increased risk of COVID-19 among
patients with a recent diagnosis of substance use disor-
der [22]. Vai and colleagues did a systematic review and
meta-analysis from studies reporting data on COVID-19
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outcomes among patients with mental disorders com-
pared to controls without mental disorders. They found
that the presence of any mental disorder (including sub-
stance use disorders) was associated with an increased
risk of COVID-19 related mortality, with an even higher
odds ratio for mortality in individuals that were not
admitted to hospital for their SARS-CoV-2 infection.
Having a comorbid substance use disorder was also
associated with an increased risk of hospitalization after
SARS-CoV-2 infection [23].

Our findings are also in contrast to a nationwide sero-
prevalence study in Denmark among people experiencing
homelessness (PEH) and staff by Eriksen and colleagues
[47]. They found that the seroprevalence among both
people living in the shelters and shelter workers were
more than twice as high as that of the general population.
In line with these findings, another study from Denmark
and a study from the USA found higher seroprevalence
in geographical areas with lower socioeconomic status
[48, 49]. Bagget and colleagues, describe a rapid increase
in COVID-19 cases in a large shelter for PEH in Boston,
where almost 90% of positive cases reported no symp-
toms [21]. This is an example of a scenario we feared and
aimed to prevent by establishing extensive mitigation
strategies. Karb and colleagues found that SARS-CoV-2
prevalence varied with shelter characteristics like resi-
dent stability and physical distancing [50]. These findings
are supported by several studies showing higher serop-
revalence of SARS-CoV-2 among people living in unsta-
ble housing like emergency shelters [51, 52], and that risk
factors for seropositivity were most strongly associated
with crowded living conditions and sharing a bathroom
with more than five people [53].

During the first wave of the pandemic, personal protec-
tion equipment, like masks, were scarce and only to be
used by health personnel treating vulnerable patients.
Thus, the main pillar for infection control was social dis-
tancing together with reducing mobility and optimizing
stability among both residents and staff. Questions have
been raised whether marginalized people like PEH and
PWUD would be willing and able to comply with infec-
tion control strategies. Welle-Strand and colleagues con-
ducted two surveys among PWUD and found that many
of the respondents were positive to be tested for SARS-
CoV-2 and to comply with National infection control rec-
ommendations [54, 55]. In contrast, a study by Lindqvist
and collegues found that even though the vast majority
of PWUD had correct knowledge about transmission
routes, protective measures and personal risk factors,
38% of participants with a suspected or confirmed SARS-
CoV-2 infection reported that they did not change their
behaviour during illness [41]. The participants in our
study, were living in low-threshold, temporary municipal
housing facilities for people with severe drug use, where
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it was hard to comply with National infection control
guidelines as most of these housing facilities have shared
bathrooms and kitchens. The residents needed to have
close contact for several reasons, and even though we
had made recommendations for staff to keep distance to
residents and colleagues, this was hard to comply with
during the course of the day. Because of these circum-
stances, and in line with the above-mentioned studies,
the risk of spread of the virus could potentially be high if
one or more residents or staff were to be infected.

One of our prior hypotheses was that PWUD had
acquired protective immunity towards SARS-CoV-2
through previous repeated exposure and infections with
one or more of the seasonal coronaviruses. This hypoth-
esis was in contrast to the many risk evaluations stat-
ing that PWUD would have reduced immunity towards
SARS-CoV-2 due to the use of opioids [56] and chronic
infections like HIV and viral hepatitis and also liver can-
cers [57]. However, we found that the serological immu-
nity towards seasonal coronaviruses among PWUD
were similar to the general population. Similarly, the
levels of antibodies towards EBV was not different from
the general population, as expected, as this long-lasting
immunity is generally acquired during childhood and
adolescence [58].

As none of our predictions regarding the prevalence of
infected and severely ill people in this group were met,
one might ask if the extensive tailored mitigating strat-
egies we employed were wasted efforts and resources.
However, in a systematic review including 37 studies,
Mohsenpour and colleagues found that a baseline SARS-
CoV-2 infection prevalence of 2.3% among PEH in home-
less shelters would increase drastically to 31.6% in case
of an outbreak situation [59]. Similarly, a modelling study
by Lewer and colleagues found that outbreaks of SARS-
CoV-2 in homeless settings could lead to a high infection
rate among PEH in spite of a low incidence in the gen-
eral population [60]. Thus, the seroprevalence was kept
low among PWUD in Oslo as a result of a combination
of the general, National mitigating strategies, keeping the
seroprevalence low in the general population, and the
tailored strategies, keeping the potential spread low in
case of a local outbreak in the institutions for PWUD. A
study from Ireland by O’Carrol and colleagues, describes
similar tailored mitigating interventions to those that
we employed. They also experienced surprisingly low
morbidity and mortality of COVID-19 among homeless
PWUD. They concluded, that this could be the result of
a well-coordinated government policy that was under-
pinned by a science driven and fundamentally pragmatic
approach. They argued that the rapid collapse in policy
barriers during this crisis made these interventions pos-
sible and that they should be secured and protected in
the provision of services to this group in the future [61].
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That said, these tailored approaches are also extremely
resource demanding on several levels; on the service
level, on the staff, and on the users of these services.
Complying with infection control and mitigating mea-
sures, including quarantine and isolation, is especially
demanding for the most vulnerable individuals; those
with chaotic lives and reduced functioning in several
areas of life, and that are also most at risk for severe
courses of COVID-19. Many have therefore advocated
that PWUD should be amongst the first groups to be
prioritized for the vaccine against SARS-CoV-2 as soon
as it became available [62, 63]. In Norway, PWUD were
included among the prioritized groups for vaccination
right after elderly and people with chronic diseases with
vaccines becoming available for this group from April
2021.

We collected data on vaccination until the end of 2022.
The numbers show similar percentages for receiving dose
1 and dose 4 between the study population and the cor-
responding age group of the general population. Vaccine
coverage is declining with dose numbers in both groups,
although they seem to be declining more among PWUD.
However, the percentage of PWUD who received dose 2
is still on level with the total Norwegian population [30].
In contrast, several studies have found a lower cumula-
tive vaccine uptake mong PWUD compared to the gen-
eral population [64—69]. Some studies suggest that this
can be explained by hesitancy towards the vaccines
among PWUD [65, 67]. Cepeda and colleagues found
that PWID who somewhat trusted or did not trust vac-
cination had 6 times higher odds of being unvaccinated
[65]. Other studies highlight the importance of lowering
the barriers to receive vaccination, like building trust and
tailoring services to this group [63, 70, 71]. Welle-Strand
and colleagues conducted a survey among PWUD dur-
ing the first three months of 2021. They found that 58% of
the responders had positive attitudes towards vaccination
against SARS-CoV-2 [55]. The vaccination for marginal-
ized PWUD in the present study was provided through
already established and trusted low-threshold health ser-
vices for this group, which probably lowered the barriers
to receive the vaccines.

Another unanswered question was to which degree
PWUD would gain from the vaccination against SARS-
CoV-2. Although the humoral immune responses have
been extensively studied in general [72], and among peo-
ple with different chronic diseases [37, 73, 74], there have
not been any studies investigating the humoral immune
responses against SARS-CoV-2 in PWUD. We compared
the humoral immune responses towards SARS-CoV-2
in PWUD to patients with Multiple Sclerosis on anti-
CD-20 therapy and to healthy controls. We found that
the humoral immune responses to COVID-19 mRNA
vaccines from PWUD was comparable to levels observed
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in healthy controls. This finding underscores the impor-
tance and effectiveness of vaccinating PWUD against
SARS-CoV-2.

Strengths and limitations

There are several limitations of this study. Firstly, the
sample is small, which might lead to underestimation of
differences between the study population and referral
groups (type 2 statistical error). Further, two of the par-
ticipants at baseline were recruited because of known
positive SARS-CoV-2 PCR test results. However, sen-
sitivity analyses with and without these samples yielded
similar results with overlapping 95% confidence intervals.
Further, this is a clinical study that was conducted during
the pandemic and with the aid of clinicians that, in spite
of being extremely dedicated to this research, had to pri-
oritize clinical tasks such as testing and vaccinating this
vulnerable group of patients. We were therefore only able
to include a smaller part of the original baseline cohort at
follow-up.

Conclusions

Results showed that PWUD did not have increased sero-
logical responses to seasonal coronavirus and therefore
no evidence of increased pre-existing immunity. The low
prevalence of positive SARS-CoV-2 cases among PWUD
was probably the result of a combination of the compre-
hensive general and the tailored mitigating strategies that
were employed. Vaccine responses and coverage were not
different from controls demonstrating that vaccination
is a viable strategy to confer protection against SARS-
CoV-2 in PWUD.

Acknowledgements

The authors want to thank all users and patients for their kind participation

in the study, and all leaders and staff at the Agency for Social and Welfare
Services (ASWS) for facilitating the study, and also for their utmost dedication
in keeping patients and service-users safe during an exceptionally challenging
time. We also would like to thank Dr. Kjersti Anne Ulstein at the ASWS for
contributing in the initial planning of the study, and Helle Charlotte Begby at
the Department of Immunology, Oslo University Hospital, for retrieving data
from the National Vaccine Register.

Author contributions

LW concepted the study and drafted the work, LW, JTV, FLJ designed the
work, FLJ, RB, AMBK, LAM analysed data, KH, GW, JAJ, LG aquisited data. All
authors have interpreted the data and revised the manuscript. All authors
have approved the submitted version and agreed both to be personally
accountable for the author’s own contributions and to ensure that questions
related to the accuracy or integrity of any part of the work, even ones in
which the author was not personally involved, are appropriately investigated,
resolved, and the resolution documented in the literature.

Funding

This work was supported by the Coalition for epidemic preparedness and
Innovation (CEPI), biobanking and laboratory analyses, Oslo University
Hospital, the University of Oslo, Oslo Municipality, and the Norwegian Institute
of Public Health.

Open access funding provided by University of Oslo (incl Oslo University
Hospital)

Page 12 of 14

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study has been carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving
humans [75]. Participants were recruited on basis of informed and written
consent. The size of the monetary incentive (10-20 euros) is not considered
to be of a size that would compromise the consent procedure. This study was
approved by the Norwegian Regional Ethics Committee (approval no 166545)
and the Data Protection Officer at Oslo municipality.

The COVID-19 study and biobank at Oslo University Hospital was approved

by the Norwegian Regional Ethics Committee with approval number 135924.
The Norwegian Coronavirus study, the Mother and Child study, the NorFlu
study and health care workers were approved by the Norwegian Regional
Ethics Committee with approval numbers 124170, 127798, 18403, and 235424,
respectively. The cohort study on vaccinated patients treated with anti-CD20
antibodies for Multiple Sclerosis [29] was approved by the Norwegian
Regional Ethics Committee with approval number 229747.

Participants received immediate access to their SARS-CoV-2 test results, and
treatment and preventive measures were continuously implemented in
accordance with the clinical guidelines applicable at the time.

Consent for publication
Not applicable.

Competing interests

Fridtjof Lund-Johansen has received a grant from CEPI (Coalition for epidemic
preparedness and Innovation) for 2021-2024, and from the South East
Regional Health Authorities in Norway in 2020. Both Grants were paid to the
institution. None of the other authors have any competing interests to declare.

Author details

'Unit for Clinical Research on Addictions, Oslo University Hospital, PO Box
4959 Nydalen, Oslo 0424, Norway

*Norwegian Centre for Addiction Reasearch, Institute of Clinical Medicine,
University of Oslo, PO Box 1039 Blindern, Oslo 0315, Norway
*Department of Immunology, Oslo University Hospital, PO Box 4950
Nydalen, Oslo 0424, Norway

“ImmunoLingo Convergence Center, Institute of Clinical Medicine,
University of Oslo, Gaustadalleen 21, Oslo 0349, Norway

*Institute of Clinical Medicine, University of Oslo, PO Box 1171 Blindern,
Oslo 0318, Norway

5Agency for Social and Welfare Services, Oslo Municipality, PO Box 30
Sentrum, Oslo 0101, Norway

’Student Health Services, Student Welfare Services in Oslo, Problemveien
9, Oslo 0313, Norway

8Department of Microbiology, Oslo University Hospital, PO Box 4950
Nydalen, Oslo 0424, Norway

“Division of Infection Control, Norwegian Institute of Public Health, PO
Box 222 Skayen, Oslo 0213, Norway

19%G Jebsen Centre for B cell Malignancies, and Precision Immunotherapy
Alliance, Institute of Clinical Medicine, University of Oslo, PO Box 4950
Nydalen, Oslo 0424, Norway

Precision Immunotherapy Alliance, Institute of Clinical Medicine,
University of Oslo, PO Box 1171 Blindern, 0318 Oslo, Norway

Received: 16 May 2023 / Accepted: 14 May 2024
Published online: 19 June 2024

References

1. World Health Organization. Listings of WHO's response to COVID-19 https://
www.who.int/news/item/29-06-2020-covidtimeline: World Health Organiza-
tion; 2020 [https://www.who.int/news/item/29-06-2020-covidtimeline].

2. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva
AA, et al. The species severe acute respiratory syndrome-related


https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.who.int/news/item/29-06-2020-covidtimeline

Wisthoff et al. Harm Reduction Journal

20.

21

22.

23.

24.

(2024) 21:120

coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol.
2020;5(4):536-44.

Kolberg M, Olsson SV, Elster K, Lote PA, Mjaaland O, Asali S. [First case of
coronavirus infection in Norway] [Online news article]. nrk.no: Norwegian
Broadcasting; 2020 [updated February 27th 2020. https://www.nrk.no/norge/
forste-tilfelle-av-koronasmitte-i-norge-1.14920058].

The Novel Coronavirus Pneumonia Emergency Response Epidemiol-

ogy Team. The epidemiological characteristics of an outbreak of 2019

Novel Coronavirus diseases (COVID-19) — China, 2020. China CDC WkIy.
2020,2(8):113-22.

Wu Z, McGoogan JM. Characteristics of and important lessons from the
Coronavirus Disease 2019 (COVID-19) outbreak in China: Summary of a report
of 72 314 cases from the Chinese Center for Disease Control and Prevention.
JAMA. 2020;323(13):1239-42.

Xie J, Tong Z, Guan X, Du B, Qiu H, Slutsky AS. Critical care crisis and some
recommendations during the COVID-19 epidemic in China. Intensive Care
Med. 2020;46(5):837-40.

Ottestad W, Seim M, Maehlen JO. COVID-19 with silent hypoxemia. Tidsskrift
for den Norske laegeforening: tidsskrift for praktisk medicin. ny Raekke.
2020;140(7).

Zhou F,YuT, DuR, Fan G, LiuY, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet. 2020;395(10229):1054-62.

Ji'Y, Ma Z, Peppelenbosch MP, Pan Q. Potential association between COVID-
19 mortality and health-care resource availability. Lancet Global Health.
2020;8(4):e480.

[Comprehensive measures. to combat the coronavirus] [press release].
https://www.regjeringen.no/no/aktuelt/nye-tiltak/id2693327/: Office of the
Prime minister, March 12 th 2020 2020.

[Will gradually and controlledly open up society] [press release]. Regjeringen.
no: Prime Minister’s Office, Ministry of Health and Care Services, Ministry of
Justice and Public Security, Ministry of Education and Research, April 7th
2020 2020.

Services MoHaC. [Timeline: The Government’s management of the
coronavirus situation] Oslo, Norway: Ministry of Health and Care Services,
The Norwegian Government,, 2023 https://www.regjeringen.no/no/tema/
helse-og-omsorg/folkehelse/tidslinje-koronaviruset/id2692402/

Alexander GC, Stoller KB, Haffajee RL, Saloner B. An epidemic in the midst
of a pandemic: opioid use disorder and COVID-19. Ann Intern Med.
2020;173(1):57-8.

Volkow ND. Collision of the COVID-19 and addiction epidemics. Ann Intern
Med. 2020;173(1):61-2.

Dubey MJ, Ghosh R, Chatterjee S, Biswas P, Chatterjee S, Dubey S. COVID-19
and addiction. Diabetes Metab Syndr. 2020;14(5):817-23.

Marsden J, Darke S, Hall W, Hickman M, Holmes J, Humphreys K, et al.
Mitigating and learning from the impact of COVID-19 infection on addictive
disorders. Addiction. 2020;115(6):1007-10.

Melamed OC, Hauck TS, Buckley L, Selby P, Mulsant BH. COVID-19 and
persons with substance use disorders: inequities and mitigation strategies.
Subst Abuse: Official Publication Association Med Educ Res Subst Abuse.
2020/41(3):286-91.

Primavera A, Spagnolo MD, Chiara Montemitro MD, Lorenzo Leggio MD.
New challenges in Addiction Medicine: COVID-19 infection in patients with
Alcohol and Substance Use disorders—the. Perfect Storm. 2020;177(9):805-7.
Wen H, Barnett ML, Saloner B. Clinical risk factors for COVID-19 among people
with Substance Use disorders. Psychiatr Serv. 2020;71(12):1308.

WeiY, Shah R. Substance Use Disorder in the COVID-19 pandemic: a
systematic review of vulnerabilities and complications. Pharmaceuticals.
2020;13(7):155.

Baggett TP, Keyes H, Sporn N, Gaeta JM. Prevalence of SARS-CoV-2 infection
in residents of a large homeless shelter in Boston. JAMA-J Am Med Assoc.
2020,323(21):2191-2.

Wang QQ, Kaelber DC, Xu R, Volkow ND. COVID-19 risk and outcomes in
patients with substance use disorders: analyses from electronic health
records in the United States. Mol Psychiatry. 2021;26(1):30-9.

Vai B, Mazza MG, Colli CD, Foiselle M, Allen B, Benedetti F, et al. Mental dis-
orders and risk of COVID-19-related mortality, hospitalisation, and intensive
care unit admission: a systematic review and meta-analysis. Lancet Psychiatry.
2021;8(9):797-812.

Catalan A, Aymerich C, Bilbao A, Pedruzo B, Perez JL, Aranguren N et al.
Psychosis and substance abuse increase the COVID-19 mortality risk. Psychol
Med. 2022:9.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Page 13 of 14

Hashemi-Shahri SM, Tabatabaei SMN, Ansari-Moghaddam A, Mohammadi M,
Okati-Aliabad H, Tabatabaei SM, et al. Epidemiological and clinical risk factors
related to severe COVID-19 in Iran: a multi-center study. BMC Infect Dis.
2022;22(1):11.

Amundsen E. Personal communication. Norwegian Institute of Public Health;
2021.

Fauchald K, Audestad R. [Comprehensive substance use statistics, Oslo
municipality]. Oslo, Norway: Agency of Welfare and Social Services, Oslo
municipality; 2024 February 2024.

Henriksen K, Jacobsen JA, Henriksen EM, Gomes L, Waal H, Krajci P. The LASSO
Program in Oslo: harm reduction using buprenorphine-naloxone (Subox-
one®) in a low threshold setting. Eur Addict Res. 2018,24(6):286-92.

Kénig M, Lorentzen AR, Torgauten HM, Tran TT, Schikora-Rustad S, Vaage EB et
al. Humoral immunity to SARS-CoV-2 mRNA vaccination in multiple sclerosis:
the relevance of time since last rituximab infusion and first experience from
sporadic revaccinations. J Neurol Neurosurg Psychiatry. 2021.

The Norwegian Institute of Public Health. [Covid-19, influenza and other
respiratory tract infections - Report Week 52 2022]. Oslo, Norway: The Norwe-
gian Institute of Public Health, Department of infection control eah; 2022.
Landaas ET, Storm ML, Tolldnes MC, Barlinn R, Kran AB, Bragstad K, et al. Diag-
nostic performance of a SARS-CoV-2 rapid antigen test in a large, Norwegian
cohort. J Clin Virol. 2021;137:104789.

Tran TT, Vaage EB, Mehta A, Chopra A, Tietze L, Kolderup A et al. Titers of
antibodies against ancestral SARS-CoV-2 correlate with levels of neutralizing
antibodies to multiple variants. NPJ Vaccines [Internet]. 2022 2022/12//;
7(1):[174 p. https://doi.org/10.1038/541541-022-00586-7

Humbert M, Olofsson A, Wullimann D, Niess| J, Hodcroft EB, Cai C, et al. Func-
tional SARS-CoV-2 cross-reactive CD4(+) T cells established in early childhood
decline with age. Proc Natl Acad Sci U S A. 2023;120(12):2220320120.
Tunheim G, Kran A-MB, Rg G, Hungnes O, Lund-Johansen F, Vaage EB et al.
Seroprevalence of SARS-CoV-2 in the Norwegian population measured in
residual sera collected in January 2021. Oslo: Norwegian Institute of Public
Health, Health DolCaE; 2021 April 2021.

Becker M, Strengert M, Junker D, Kaiser PD, Kerrinnes T, Traenkle B, et al.
Exploring beyond clinical routine SARS-CoV-2 serology using MultiCoV-Ab to
evaluate endemic coronavirus cross-reactivity. Nat Commun. 2021;12(1):1152.
IBM Corp. Released 2021. IBM SPSS statistics for Windows, Version 28.0.
Armonk. NY: IBM Corp; 2021.

Bachelet VC, Silva-Ayarza |, Lizana FJ, Gomolan P, Silva-Villalobos D, Navarrete
MS. SARS-CoV-2 humoral immune response in patients with cardiovas-

cular risk factors: the COmmunity Cohort Study protocol. BMJ Open.
2022;12(5):e061345.

Bech AB, Bukten A, Lobmaier P, Skeie |, Lillevold PH, Clausen T. Statusrapp-
port 2021 - siste &r med gamle LAR-retningslinjer. The Norwegian Centre for
Addiction Research, University of Oslo; 2022.

Midgard H, Ulstein K, Backe O, Foshaug T, Sorli H, Vennesland K, et al. Hepatitis
Ctreatment and reinfection surveillance among people who inject drugs in a
low-threshold program in Oslo, Norway. Int J Drug Policy. 2021,96:103165.
Djuric O, Mancuso P, Zannini A, Nicolaci A, Massari M, Zerbini A, et al. Are
individuals with Substance Use disorders at higher risk of SARS-CoV-2
infection? Population-based Registry Study in Northern Italy. Eur Addict Res.
2021,27(4):263-7.

Lindgvist K, Wallmofeldt C, Holmén E, Hammarberg A, Kdberg M. Health
literacy and changes in pattern of drug use among participants at the
Stockholm Needle Exchange Program during the COVID-19 pandemic. Harm
Reduct J. 2021;18(1):52.

Folkhalsomyndigheten. Pavisning av antikroppar efter genomgangen covid-
19 hos blodgivare [Detection of COVID-19 antibodies in blood donors]. [The
Public Health Agency of Sweden]; 2020.

Vallecillo G, Fonseca F, Oviedo L, Duran X, Martinez |, Garcfa-Guix A, et al. Simi-
lar COVID-19 incidence to the general population in people with opioid use
disorder receiving integrated outpatient clinical care. Drug Alcohol Depend
Rep. 2022;2:100027.

Barcelona Public Health Agency. [How does the COVID-19 affect the city of
Barcelona?] Spain: Department of Health, Government of Catalunya. 2021
https://webs.aspb.cat/covid 19aldiabcn/

Strathdee SA, Abramovitz D, Harvey-Vera A, Vera CF, Rangel G, Artamonova

|, et al. Prevalence and correlates of SARS-CoV-2 seropositivity among

people who inject drugs in the San Diego-Tijuana border region. PLoS ONE.
2021;16(11):0260286.

Consulado General de México en San Diego. Presentation of the results

of the Survey on Prevalence of Covid-19 in Baja California 2021. https://


https://www.nrk.no/norge/forste-tilfelle-av-koronasmitte-i-norge-1.14920058
https://www.nrk.no/norge/forste-tilfelle-av-koronasmitte-i-norge-1.14920058
https://www.regjeringen.no/no/aktuelt/nye-tiltak/id2693327/
https://www.regjeringen.no/no/tema/helse-og-omsorg/folkehelse/tidslinje-koronaviruset/id2692402/
https://www.regjeringen.no/no/tema/helse-og-omsorg/folkehelse/tidslinje-koronaviruset/id2692402/
https://doi.org/10.1038/s41541-022-00586-7
https://webs.aspb.cat/covid19aldiabcn/
https://consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-on-prevalence-of-covid-19-in-baja-california

Wisthoff et al. Harm Reduction Journal

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

(2024) 21:120

consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-
on-prevalence-of-covid-19-in-baja-california; 2021 09/2021.

Eriksen ARR, Fogh K, Hasselbalch RB, Bundgaard H, Nielsen SD, Jargensen CS,
et al. SARS-CoV-2 antibody prevalence among homeless people and shelter
workers in Denmark: a nationwide cross-sectional study. BMC Public Health.
2022,22(1):1261.

Fogh K, Eriksen ARR, Hasselbalch RB, Kristensen ES, Bundgaard H, Nielsen

SD, et al. Seroprevalence of SARS-CoV-2 antibodies in social housing areas in
Denmark. BMC Infect Dis. 2022;22(1):143.

Mustanski B, Saber R, Ryan DT, Benbow N, Madkins K, Hayford C, et al.
Geographic disparities in COVID-19 case rates are not reflected in sero-
positivity rates using a neighborhood survey in Chicago. Ann Epidemiol.
2022;,66:44-51.

Karb R, Samuels E, Vanjani R, Trimbur C, Napoli A. Homeless shelter character-
istics and prevalence of SARS-CoV-2. West J Emerg Med. 2020;21(5):1048-53.
Loubiere S, Monfardini E, Allaria C, Mosnier M, Allibert A, Ninove L et al. Serop-
revalence of SARS-CoV-2 antibodies among homeless people living rough,
in shelters and squats: a large population-based study in France. PLoS ONE.
2021;16(9 September) (no pagination).

Ahillan T, Emmerson M, Swift B, Golamgouse H, Song K, Roxas A, et al.
COVID-19in the homeless population: a scoping review and meta-analysis
examining differences in prevalence, presentation, vaccine hesitancy and
government response in the first year of the pandemic. BMC Infect Dis.
2023,23(1):155.

Roederer T, Mollo B, Vincent C, Nikolay B, Llosa AE, Nesbitt R, et al. Seropreva-
lence and risk factors of exposure to COVID-19 in homeless people in Paris,
France: a cross-sectional study. Lancet Public Health. 2021,6(4):e202-9.
Welle-Strand GK, Skurtveit S, Clausen T, Sundal C, Gjersing L. COVID-19
survey among people who use drugs in three cities in Norway. Drug Alcohol
Depend. 2020;217:108302.

Welle-Strand GK, Gjersing L, Olsen IK, Clausen T. A COVID-19 survey among
people who use drugs in Norway. Int J Environ Res Public Health. 2022;19(12).
Sacerdote P. Opioids and the immune system. Palliat Med. 2006;20(Suppl
1):59-15.

European Monitoring Centre for Drugs and Drug Addictions. EMCDDA
update on the implications of COVID-19 for people who use drugs (PWUD)
and drug service providers. Lisbon, Portugal: European Monitoring Centre for
Drugs and Drug Addictions,; 2020.

Straus SE, Cohen JI, Tosato G, Meier J. Epstein-Barr Virus infections: Biology,
Pathogenesis, and management. Ann Intern Med. 1993;118(1):45-58.
Mohsenpour A, Bozorgmehr K, Rohleder S, Stratil J, Costa D. SARS-Cov-2
prevalence, transmission, health-related outcomes and control strategies in
homeless shelters: systematic review and meta-analysis. eClinicalMedicine.
2021;38 (no pagination).

Lewer D, Braithwaite I, Bullock M, Eyre MT, White PJ, Aldridge RW, et al. COVID-
19 among people experiencing homelessness in England: a modelling study.
Lancet Resp Med. 2020;8(12):1181-91.

O'Carroll A, Duffin T, Collins J. Harm reduction in the time of COVID-19: case
study of homelessness and drug use in Dublin, Ireland. Int J Drug Policy.
2021;87:102966.

Lockett H, Koning A, Lacey C, Every-Palmer S, Scott KM, Cunningham R, et

al. Addressing structural discrimination: prioritising people with mental

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 14 of 14

health and addiction issues during the COVID-19 pandemic. N Z Med J.
2021;134(1538):128-34.

Iversen J, Peacock A, Price O, Byrne J, Dunlop A, Maher L. COVID-19 vaccina-
tion among people who inject drugs: leaving no one behind. Drug Alcohol
Rev. 2021;40(4):517-20.

Iversen J,Wand H, Kemp R, Bevan J, Briggs M, Patten K, et al. Uptake of
COVID-19 vaccination among people who inject drugs. Harm Reduct J.
2022;19(1):59.

Cepeda JA, Feder KA, Astemborski J, Schluth C, Kirk GD, Mehta SH, Genberg
BL. COVID-19 vaccine hesitancy and vaccination status in a community-
based cohort of people who inject drugs in Baltimore, Maryland, March-June
2021. Public Health Rep. 2022;137(5):1031-40.

Fond G, Yon DK, Boyer L. One-year results from the vaccination campaign
against COVID-19 infection in 47 million individuals with severe mental disor-
ders and other chronic diseases. European Archives of Psychiatry and Clinical
Neuroscience; 2022.

Vallecillo G, Duran X, Canosa |, Roquer A, Martinez MC, Perello R. COVID-19
vaccination coverage and vaccine hesitancy among people with opioid use
disorder in Barcelona, Spain. Drug Alcohol Rev. 2022;41(6):1311-8.

Nilsson SF, Laursen TM, Osler M, Hjorthoj C, Benros ME, Ethelberg S, et al. Vac-
cination against SARS-CoV-2 infection among vulnerable and marginalised
population groups in Denmark: a nationwide population-based study. Lancet
Reg Health-Eur. 2022;16:14.

Strathdee SA, Abramovitz D, Vera CF, Artamonova |, Patterson TL, Smith DM,
et al. Predictors of COVID-19 vaccine uptake among people who inject drugs.
Vaccine. 2023:41(12):1916-24.

Des Jarlais DC, Behrends CN, Corcorran MA, Glick SN, Perlman DC, Kapadia
SN, et al. Availability of and obstacles to providing COVID-19 vaccinations

at Syringe Services Programs in the United States, 2021. Public Health Rep.
2022;137(6):1066-9.

Barocas JA. Business not as usual - Covid-19 vaccination in persons with
Substance Use disorders. N Engl J Med. 2021;384(2):e6.

Qi H, Liu B, Wang X, Zhang L. The humoral response and antibodies against
SARS-CoV-2 infection. Nat Immunol. 2022;23(7):1008-20.

Habek M, Jakob Brecl G, Basic¢ Kes V, Rogi¢ D, Barun B, Gabeli¢ T, et al. Humoral
immune response in convalescent COVID-19 people with multiple sclerosis
treated with high-efficacy disease-modifying therapies: a multicenter, case-
control study. J Neuroimmunol. 2021;359:577696.

Andreica |, Blazquez-Navarro A, Sokolar J, Anft M, Kiltz U, Pfaender S et al.
Different humoral but similar cellular responses of patients with autoimmune
inflammatory rheumatic diseases under disease-modifying antirheumatic
drugs after COVID-19 vaccination. RMD Open. 2022;8(2).

WMA Declaration of Helsinki - Ethical principles for medical research involv-
ing human subjects. (2022).

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


https://consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-on-prevalence-of-covid-19-in-baja-california
https://consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-on-prevalence-of-covid-19-in-baja-california

	﻿Seroprevalence of SARS-CoV-2 and humoral immune responses to COVID-19 mRNA vaccines among people who use drugs - in the light of tailored mitigating strategies
	﻿Abstract
	﻿Background
	﻿Risk management
	﻿Aims

	﻿Materials and methods
	﻿Design
	﻿Setting
	﻿Participants
	﻿Data collection
	﻿Serologic methods
	﻿Data analysis

	﻿Results
	﻿Questionnaires



