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1. Introduction.

In addition to mental illness and unintentional injuries, people experiencing homelessness (PEH)
are exposed to communicable diseases, which may lead to outbreaks that can become serious public
health concerns [1]. High rates of infectious disease have been recorded in the literature among PEH,
including respiratory tract infections [2], gastrointestinal infections [3], skin infections, arthropod-
borne diseases [4], and blood-borne and sexually transmitted infections [1].

The prevalence of these infectious diseases among the PEH varies greatly, depending on
exposure factors. Generally, frequent alcohol and tobacco consumption or illicit drug use significantly
impair the health status of PEH [1]. Those sleeping on the street, outdoors in vehicles or in abandoned
buildings are at high risk of food-borne disease [3] and human louse-transmitted disease [5] (as the
result of exposure to unhygienic environments) . PEH are also at risk of blood-borne and sexually
transmitted infections (as the result of injected drug use and unprotected sexual practices) [6, 7]. In
addition, living in overcrowded accommodations, poor environmental conditions (poor ventilation,
lack of sufficient food) and lack of continuity of care (omission of preventive measures, delayed
diagnosis, interrupted or poor quality treatment) may increase vulnerability to infection, including
transmissible disease. Consequently, when outbreaks occur in these settings, they spread rapidly, often
with a high probability of prolonged transmission [1].

Evidence suggests that vaccination is still the most effective strategy for preventing infectious
disease, resulting in significant reductions in illness, disability and death from several VPD [8].
Implementing routine vaccination may not only ensure long-term protection against VPD through the
progressive increase of population immunity, limiting the number of preventable deaths among PEH
during an outbreak [3], but also protects vulnerable members of the general population who have not
received all vaccines [9].

Tuberculosis (TB) in PEH has been extensively described in several recent review papers [10-

13]. This scoping review of the published literature aims to describe outbreaks of VPDs or VPD



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

prevalence (other than TB) in both an infant and adult homeless population during the period 1980-
2020.

2. Materials and Methods

The review protocol are available at OSF website (https://osf.io/4a8dx). The scoping review
followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) [14].

Information source. A literature search was performed to identify relevant articles published
from 1980 to December 8", 2020 in PubMed/Medline (in English), Scopus (in English), Web of
Science databases (in English), SCiELO (in English, Portuguese and Spanish), and Google Scholar (in
French), using Harzing’s Publish or Perish software (version 7.0, Harzing.com, UK). Search strings
were tailored to each database. The combinations (#3) of homelessness terms (#1) and disease terms
(#2) were used as following:

#1: “homeless” OR “homelessness” OR “street people”

#2: “diphtheria” OR “Corynebacterium diphtheriae” OR “tetanus” OR “Condyloma
accuminata” OR “polio” OR “poliovirus” OR “poliomyelitis” OR “pertussis” OR “whooping cough”
OR “Bordetella pertussis” OR “Haemophilus influenzae type b” OR “hepatitis B” OR
“pneumococcal” OR “Streptococcus pneumoniae” OR “meningococcal” OR “meningococcus” OR
“Neisseria meningitidis” OR “mumps” OR “measles” OR “rubella” OR “Human papillomavirus” OR
“influenza” OR “flu” OR “hepatitis A” OR “shingles” OR “Varicella” OR “chickenpox” OR
“typhoid” OR “Salmonella” OR “Rotavirus” OR “cholera” OR “Vibrio cholerae *“ OR “‘yellow fever”
OR “rabies” OR “lyssaviruses” OR “Japanese encephalitis” OR “leptospirosis” OR “Leptospira”

#3: #1 AND #2

Combinations of the search terms in Spanish, Portuguese and French are shown in
Supplementary data.

2.2. Inclusion and exclusion criteria. For inclusion, an article had to fulfil the following
criteria: articles (1) written in English (focused language), French, Spanish, or Portuguese languages

(if any); (2) published in peer-reviewed journals; (3) reporting outbreaks of VPD or VPD prevalence in
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an infant or adult PEH. If two or more similar studies were conducted on the same population, the
most recent publication was selected for inclusion.

Articles were excluded if the studies were reviews, case reports, editorial, letters, books,
comments, or reported only vaccination rates. An additional manual search was conducted by
reviewing reference lists of papers retrieved through the electronic search.

Data analysis. Search results were compiled in the Endnote software (version 9.3, Clariate,
USA), and duplicates were removed. The screening based on title and abstract were performed
independently by two investigators (TD and SC) for inclusion. All disagreements were resolved by
discussion and mutual agreement, and full-texts were reviewed if necessary. For eligible articles, full
texts were assessed by two investigators (TD and VT).

Relevant information from the studies was charted in Microsoft Excel 2016 (Microsoft, USA).
Data table elements were created and were reviewed by all authors to ensure consistency of
information extraction. Data extracted included date of study, study design, place of study, setting,
population at risk, disease attack rate, age, sex, diagnostic tools, vaccine recommendations from
authors, risk factors for diseases, mortality rate, co-infections with other VPD, and previous
vaccination rate when available. Extractions were performed independently by two investigators (TD
and PG).

3. Results

As presented in Figure 1, the search identified a total of 2917 records after removing duplicates, of
which 81 articles/reports fulfilled the eligibility criteria (Figure 1). Additional manual search conducted
by reviewing reference lists of selected papers did not result in identifying other relevant articles.
Seventy-seven were written in English, two in Spanish, one in French and one in Portuguese. The main
findings of these articles are presented in Table 1.

Hepatitis B (Table 1)

Forty-four hepatitis B articles reporting on vulnerable populations including notably PEH, were
retrieved [6, 15-57]. Overall, 274,340 individuals were enrolled between 1988 and 2019. Twenty- nine
studies were conducted in adults (mean age: 25-49 years, range 16-86 years) [6, 16-23, 25-28, 32-37,

30-44, 48, 49, 53, 56, 57], five studies were conducted in street youth (mean age:10-16 years, range 8-
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18 years) [24, 29-31, 55], and ten in both children and adults (mean age: 14-26 years, range 9-65
years) [15, 38, 39, 45-47, 50-52, 54]. Studies were conducted in the USA (n=17)

[16, 21, 36-38, 41, 44-51, 53, 56, 57], Iran (n=4) [6, 20, 24, 31], Canada [39, 52, 55], Brazil [22,
40, 54] France [17, 19, 43], the UK [26, 28, 33], (n=3 per country), Australia [34], Costa Rica [27],
Czech Republic [35], Germany [25], India [29], Ireland [32], Peru [23], Philippines [30], Colombia
[15], Sound Africa [18], and Spain [39] (n=1 per country). Forty-two studies reported seroprevalence
surveys [6, 15-22, 24-46, 48-57]. The prevalence of anti-HBc antibodies ranged from 10.4% to 80.3%
(past infection) and that of HBsAg ranged from 0.4% to 4.7% (ongoing infection). Two retrospective
questionnaire surveys reported rates of 1.6% and 6% of past HBV infection among participants [23,
47]. HBV seroprevalence rates among PEH was significantly higher than in non-PEH included in the
studies, or than in the general population studies conducted at the same period (n=15) [18, 19, 21, 22,
25, 34, 35, 39, 43, 46, 51, 42, 54-56].

HBYV past infection among PEH was shown to be positively associated with older age [22, 46,
52], with homosexual or bisexual practices, having a sexual partner(s) with a history of unspecified
hepatitis or insertive anal penetration [18, 22, 46, 52], having black skin colour [23], reporting injected
drug use (IDU) [6, 18, 25-27, 32-35, 38, 39, 42, 44, 48, 52, 53], and alcohol use [36]. One study
conducted among 189 PEH in Australia reported that 6.3% of individuals with a past HBV infection
also had a past hepatitis A (HAV) infection [34]. No hepatitis B-related deaths were reported.

Nine studies reported vaccination status against HBV infection and were conducted in the USA
(n=3), the UK (n=2), Canada, France, Germany, Brazil ( n=1 per country).: Six studies were based on
questionnaires, with vaccination rates ranging 9%-54% (at least one dose) and 11.8%->66% (3 doses)
[25, 33, 47, 48, 50, 52], and three studies showed immunisation rates of 21.8%-38.7% through
serological tests [22, 26]. Anti-HBV vaccination was strongly recommended by all authors for high
risk groups such as street youth or injected drug users (n=26 studies) [15, 17-19, 22, 25, 26, 34, 35, 38-
40, 42-48, 50-52, 54-57].

Hepatitis A (Table 2)

Nineteen articles on HAV conducted among PEH fulfilled the eligibility criteria [34, 38, 39, 58-

73]. Overall, 12,336 individuals were enrolled between 1991 and 2019. Eleven studies were conducted
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in adults (mean age: 19-45 years, range 16-74 years) [34, 59-62, 64, 66-68, 70, 71], and eight in
populations comprising children and adults (mean age: 25-42 years, range 0-90 years) [38, 39, 58, 53,
65, 69, 72, 73]. Studies were conducted in the USA (n=8) [38, 58, 60-63, 66, 70], Canada (n=4) [39,
59, 71, 72], Brazil [73], the UK [69], France [68], Czech Republic [65], The Netherlands [67], Iran
[64] and Australia [34] (n=1 per country).

Nine surveys addressed the seroprevalence of total anti-HAV antibodies among 7616
individuals: six revealed a high prevalence of 19.3%-94.8% among PEH in Brazil, Canada, the USA
and France [34, 38, 39, 64, 70, 73], while two studies showed lower seroprevalence rates of 4.7%-
6.3% among Canadian street youth, but with a high prevalence of risk factors for infection [71, 72].
Four studies reported risk factors for high prevalence of HAV infection (aging >41 years, reporting
IDU, having sexual partner(s) with history of unspecified hepatitis, male subjects reporting insertive
anal penetration or those originating from a country with a high anti-HAV prevalence or in Africa)
[38, 68, 71, 72]. Other studies described ten outbreaks of Hepatitis A in several cities in the UK, The
Netherlands, Czech republic and the USA; the numbers of confirmed cases in hospitals ranged from 42
to 1521 per outbreak (resulting in a total of 4720 outbreak-associated cases with a high prevalence of
14.0%-78.0% being PEH) [58-63, 65, 66, 68, 69]. HAV-associated deaths ranged from 0-4.8% during
outbreaks. Rates of co-infection with HAV and HBV (or HCV) were 3.0%, 6.3% and 34.0% in three
studies [34, 59, 63]. No data about previous vaccination rates were available. Vaccination of homeless
populations against HAV was strongly recommended in 17 studies [34, 38, 39, 58-61, 63, 65-73].

Pneumococcal infections (Table 3)

Thirteen studies concerning pneumococcal infections in PEH were retrieved between 1988 and
2018 [2, 74-85]: eleven studies were conducted in adults (mean age: 19-54 years, range 16-78 years)
and one in a population comprising children and adults (mean age: 42 years, range 0-90 years). Most
studies were conducted in Canada (n=8) [65, 77-83], followed by the USA (n=4) [74, 76, 84, 85], and
France (n=1) [2]. One molecular prevalence survey reported rate of 12.4% for pneumococcal
nasopharyngeal carriage among a total of 477 sheltered PEH in Marseille, France between 2015-2017
[2], and prevalence was positively associated with respiratory symptoms and signs. One study assessed

serotype of 2885 IPD isolates and reported a 7% proportion being from PEH [Metcalf]. Other studies
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described eleven outbreaks of invasive pneumococcal disease (IPD) occurring in different cities in
Canada, the USA and France; of those, two studies reported 153 PEH hospitalised with IPD, which
accounted for 1.4%-8.4% of all PEH present in two cities, Toronto (Canada) and Anchorage (USA)
[83, 84]; nine other studies reported a high proportion (4.7%-48.8%) of homelessness among 4742
individuals hospitalised with IPD [75-82, 85]. PEH with IDP were typically younger [80, 84], more
likely to be male [80], smokers [80, 82, 83], alcohol abusers [80, 82, 89], illegal drug users [80, 82],
and to have a primary diagnosis of pneumonia [83], HIV infection or liver disease [83] when
compared with non-PEH. Of nine studies, two characterising the serotype of isolated Streptococcus
pneumoniae strains showed that serotypes 1, 4, 5, 8 and 12F were positively associated with
homelessness in Canada [75, 77, 79]. Serotypes 4, 7F, 12F and 20 were more likely to be reported
among PEH in the USA [74]. A serotype 1 IPD outbreak was reported among sheltered PEH in Paris,
France between 1988-1989 [85]. The mortality rate was 0%-15.6% among infected PEH during
outbreaks. By using a questionnaire, previous vaccination rates among the homeless population were
reported to be 9.0%-37.0% in Canada (n=3), and France (n=1) [75, 77, 83, 85]. The pneumococcal
vaccine was recommended for homeless populations in all articles.

Diphtheria (Table 3)

Six diphtheria outbreak investigations were identified between 1972 and 2019. Overall, 1259
diphtheria cases were confirmed by culture (with a high prevalence of 12.0%-95.0% cases being PEH)
[86-91]. Three studies were conducted in adults (mean age: 40-45 years, range 16->71 years) [87-89],
and two in both children and adults (mean age: 37-38 years, range 4-87 years) [90, 91]. An early
investigation conducted in Seattle, USA between 1972-1982 reported an outbreak of respiratory and
cutaneous infections among 1100 patients, including 95% PEH [91]. Molecular studies performed in
different types of samples (details not provided) collected in Germany and Poland showed a high
53.9%-100% prevalence of genotype ST8 [87, 88]. Cutaneous infection was reported among PEH in
Switzerland, Germany and France between 1996-1997 and in the USA between 2018-2019 [86, 89].
One study conducted in France between 1987-1993 reported 40 patients with systemic infection [90].

Several risk factors for diphtheria infection were identified, including alcohol abuse [87-89, 91],

poor hygiene, crowding conditions, contaminated fomites, underlying skin disease, hyperendemic
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streptococcal pyoderma, and introduction of new strains from exogenous reservoirs [91]. Death from
diphtheria was reported in two studies, with 0.9%-36.0% lethality rates [90, 91]. No data about
previous vaccination status was available. One study recommended the need for vaccination boosters
in alcoholic PEH [91].

Seasonal influenza (Table 3)

Four PCR-based prevalence surveys conducted among 1103 PEH or persons from marginalised
populations between 2005 and 2018 fulfilled the eligibility criteria [2, 17, 92, 93]. Three were
conducted among adult sheltered PEH in Marseille, France, and one was conducted among
marginalised populations, including PEH, in Tijuana, Mexico. Three studies were conducted in adults
(mean age: 35-44 years, range 18-84 years) [2, 17, 92] and one in a population comprising children
and adults (mean age: 41 years, range 7-76 years) [93]. These studies reported a 1.0-3.0% rate of
influenza nasopharyngeal carriage among sheltered PEH. Using a questionnaire, the previous seasonal
influenza vaccination rate among the homeless population was 9.0% in Mexico and 15.0% in France.
The rate of co-infection with S. pneumoniae and influenza viruses was 0.2% among PEH in Marseille,
France [2]. No influenza deaths were reported. All authors recommended vaccination against influenza
for PEH.

Human papillomavirus (HPV) infection (Table 3)

Only two American studies concerning HPV infection fulfilled the eligibility criteria. They were
conducted in young adults (range 16-29 years) [50, 94]. One molecular prevalence survey was
conducted among 130 men having sex with men, of whom 22.6% were homeless and 75% had at least
one high-risk HPV type [94]. Another epidemiological study using Pap smear testing in 2960 young
female PEH revealed a 2.0% rate of HPV infection [50]. Information about vaccination rates was not
recorded. No deaths were reported. The vaccination against HPV-16 was recommended for homeless
men who have sex with men [94].

Other VPD

No reports about measles, tetanus, poliomyelitis, pertussis, H. influenzae type b infection,

meningococcal C infection, mumps, rubella, varicella, chickenpox, typhoid fever, rotavirus infection,
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cholera, yellow fever, lyssaviruses, rabies, Japanese encephalitis and leptospirosis among PEH were
retrieved.

4. Discussion

This review identified that HBV infection, HAV infection, IPD, and diphtheria were the most
commonly reported VPDs among PEH between 1980 and 2020. Few studies were published on
influenza in PEH and those published evidenced a low prevalence of influenza in this population.
Further investigations are needed to conclude whether vaccination against influenza can be
recommended in PEH.

High rates of HBV and HAV infection in PEH were observed through serological surveys in low
endemicity countries, including the USA, Canada, France, and in moderate endemicity countries such
as Iran and Brazil. Outbreaks of HAV infection were reported in the US. Currently, three modes of
HBYV transmission have been recognised: perinatal, sexual and parenteral/percutaneous transmission
[95], whilst acute HAV is a highly contagious infection resulting from faeco-oral transmission and has
been one of the major aetiologies for foodborne disease [96]. PEH, notably those using injected drugs
and having at-risk sexual practices, should therefore benefit from vaccination against HBV and HAV
infections, together with the provision of injection kits, drug substitutes and condoms.

Outbreaks of IPD were reported in PEH in Canada, and several risk factors were identified,
including smoking, alcohol abuse, illegal drug use and having several chronic diseases. Given that the
serotypes attributable to these outbreaks (1, 4, 5, 8, 7F, 12F, 20) are among those included in the 23-
valent pneumococcal polysaccharide vaccine, vaccination of PEH against IPD should be considered,
notably when presenting with risk factors.

Finally, because of several diphtheria outbreaks occurring among PEH, updating vaccination
against this disease should be also considered in this population, as in the general population.

To the best of our knowledge, specific vaccination recommendations for PEH in national
guidelines have been made in only two countries. The 23-valent pneumococcal polysaccharide vaccine
(PPSV23) was recommended early in 2008 by the Canadian National Advisory Committee on

Immunization (NACI) for all PEH. In the USA, the adult immunisation schedule [97], updated
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annually by the Advisory Committee on Immunization Practices (ACIP), has recommended HAV
vaccination for all PEH aged > 1 year since October 2018 [3].

In France, the Ministry of Solidarity and Health (Table 4) recommends HAV vaccination for:
children aged > 1 year having at least one family member originating from a country with a high
prevalence of anti-HAV antibody, for patients with cystic fibrosis or liver disease (notably viral
hepatitis and alcohol abuse), for institutionalised infants or young disabled persons, for men having sex
with men, for professionals exposed to HAV or involved in collective food preparation and for
travellers to endemic areas. For HBV, IPD, and diphtheria, primary vaccination is recommended for all
children. The HBV vaccination is notably recommended for institutionalised infants or young disabled
persons, for persons in psychiatric institutions, for those with at-risk sexual practices, those using
injected drugs or having chronic liver disease or HIV infection, for those with at least one family
member with HBV infection, for detained persons, for professionals exposed to HBV (notably health
care professionals) and for travellers to endemic areas [98]. PPSV23 together with PCV13 (13-valent
pneumococcal conjugate vaccine) is especially recommended for those with several chronic conditions
(HIV infection, chronic respiratory disease, heart failure, etc.). No specific recommendations
concerning diphtheria vaccination are given for high risk groups other than professionals.

Delivering vaccines to homeless populations has always been a challenge. Combining easy
access and education is probably the best approach to vaccination administration programmes in this
population. We suggest making vaccines available at homeless shelters or homeless restaurants
through medical or paramedical staff. For homeless IDU, the availability of vaccines at syringe-
exchange sites could provide more opportunities for them to access vaccination [48]. Additionally, we
also suggest applying a rapid serological testing strategy in areas where PEH tend to aggregate,
including HBsAg detection (for HBV) [99] and IgM/IgG anti-HAYV, since a substantial proportion of
individuals may already have antibodies against these infections due to past exposure to the viruses or
previous vaccination.

Because this review was restricted to articles written in general languages such as English,
Spanish, Portuguese and French, the data collected are mainly from the North American and European

continents. Limitations include the possible lack of articles from Asian and African regions. Despite
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these limitations, our review showed that implementation of vaccination coverage against
communicable diseases in the homeless population is a major public health priority. We strongly
recommend updating vaccination against HAV, HBV, pneumococcal infection and diphtheria in PEH
when entering homeless shelters or whenever they are present in a healthcare setting, rather than as a
response measure to prevent outbreaks after the first case has occurred.
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Figure 1. Flow diagram of included and excluded records.
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Table 1. Descriptive analysis of outbreak and prevalence of hepatitis B infection among people experiencing homelessness

Date of study |Study design |Place of Setting Population at Age (years) Male [Diagnostic Vaccine recommendations |Risk factors identified/ |Mortality |Co-infections with|Previous References
study risk/Attack rate (of |(Mean * SD; (%) tools from authors Comments rate (%) |other VPD vaccination
susceptible) range) rate
Year 2019 Seroprevalence |Colombia Care centers 1,061 PEH: ongoing  |Range: 85.9% |Serology Need for vaccination 0% [15]
survey HBV infection (0.4%) |adolescents <21.0 (HBsAg)
to >60
Before year  |Seroprevalence |Los Angeles, |Homeless 137 PEH: HBV Mean + SD: 48.6 [87.5% |Serology 0% [16]
2019 survey USA shelters and infections (57.7%) +82
streets
Between 2017- |Seroprevalence |Marseille, Hospital 98 PEH hospitalised |Mean + SD:43.3 (87.6% |Serology Need for vaccination 0% [17]
2018 survey France (infectious with different +16.8 (HBsAg, anti-
disease units) |infections: ongoing HBs, and anti-
HBV infection (2%) HBc)
Year 2017 Seroprevalence |Sound Africa |Community 3,439 persons (sex  |Mean: 29.0 52% Serology Need for vaccination 0% [18]
survey centre workers, MSM, IDUr), (HBsAg)
including PEH (24%):
ongoing HBV infection
(4%)
Year 2016 Seroprevalence |France Streets 341 vulnerable Range: 40.0 - About |Serology Specific anti-HBV vaccination | Higher rate among PEH 0% [19]
survey population-patients  {49.0 50.0% |(ELISA testfor |campaigns targeting these |than general population
including PEH: HBV HBsAg, anti-  |specific populations.
infection (6.5%) HBs,
and anti-HBc)
Year 2015 Seroprevalence |Khorramabad, | Community 307 PEH: ongoing  |Mean + SD: 35.9 (100% |Serology 0% [20]
survey Iran centre HBV infection (1.0%) [+ 9.6 (HBsAg, anti-
HBs, and anti-
HBc)
Year 2015 Seroprevalence |USA Hospitals 242,740 PEH: Mean + SD: 50.0 [88.9% |Serology Higher rate among PEH 0% [21]
survey ongoing HBV infection |+ 16.0 (HBsAg) than general population
(1.0%)
Between Seroprevalence |Goidnia, Homeless 359 PEH: HBV Mean: 36.0; range [81.3% |Serology Need for health services Higher rate among PEH  |0% Estimated [22]
August 2014 |survey Brazil shelter infection (21.8%) 18.0-86.0 administrators to provide than adult population of through
and June 2015 including past (21.2%) more opportunities for HBV  |capitals in the same serological
and ongoing (0.6%) vaccination region of the country. test :21.8%
infection HBV infection was
associated with age > 50
(aPR=3.1), black skin
colour (1.8),
homosexuality (2.6) or
bisexuality (1.8).
Between 2012- |Retrospective  |Lima, Perd  |Homeless 302 PEH: HBV Range: >60.0 82.0% |Questionnaire 0% [23]
2014 questionnaire shelter infection
survey (approximately 1.6%)
Between 2012- [Seroprevalence |Tehran, Iran |Street and 1,000 street and Mean + SD: 15.6 |95.0% |Rapid 0% [24]
2013 survey related working children: + 2.5; range: 10.0 serological
organisations  |ongoing HBV (1.7%) |-18.0 testing
(municipality,
welfare
organisation,
police, non-
governmental




organisations)

Between 2011 |Seroprevalence |Berlin, Essen, |Four local low- |2,077 IDUr including |Range: 29.0 — 76.7% |Serology Need for vaccination, IDUr  |Higher rate among PEH {0% Questionnair {[25]
and 2014 survey Leipzig, threshold drug  [PEH (66.0%): 41.0 (HBsAg, anti- |should be tested and than general population. e 32.0%
Frankfurt, services ongoing or past HBV HBs, and anti- |counselled HBV infection status was
Cologne, infection (38.0%) HBc) regularly for HBV significantly associated
Hanover, with homelessness
Munich, (OR=1.4, p<0.05)
Hamburg,
Germany
Between May |Seroprevalence |London, UK |Homeless 489 PEH: HBV Range: 30.0 - 89.0% |Serology HBV vaccination HBV infection was 0% Estimated [26]
2011 and June [survey hostels infection (11.8%) 49.0 (Architect recommended associated with IDU through
2013 including past (10.4%) immunoassay (aOR=23.7) serological
and ongoing (1.4%) for HBsAg, anti- test: 28.7%
HBV infection HBs,
and anti-HBc)
Year 2011 Seroprevalence |San Jose, Homeless 100 PEH: HBV Mean: 35.0 82.0% |Serology 0% [27]
survey CostaRica  [shelter infection (32.0%)
Before 2010  [Seroprevalence |South Wales, |Treatment 651 PEH: HBV Mean: 29.6, adults [74.0% |Serology 0% [28]
survey UK services, needle |infection (9.4%)
and syringe
programmes,
hostels and the
street
Year 2008 Seroprevalence |Kolkata, India |Community 554 street children:  |Mean: 13.0; range:(65.0% |Serology 0% [29]
survey centre HBV infection (around|11.0 - 15.0
3%)
Year 2007 Seroprevalence |Paco, Community 179 street children:  [Range: 8.0-17.0 Serology 0% [30]
survey Philippines  |centre HBV infection (7.9%)
Before 2006  [Seroprevalence |Tehran, Iran |Community 102 street children:  Mean + SD: 10.1 |38.0% [Serology 0% [31]
survey centre ongoing HBV infection |+ 3.0 (HBsAg, anti-
(3.0%) HBs, and anti-
HBc)
Between April- [Seroprevalence |Tehran, Iran |Community 202 PEH: HBV Mean + SD:45.0 [100% |Serology HBV infection was 0% [6]
July 2007 survey centre infection (34.7%) +17.7; range: (HBsAg, anti- positively associated
>15.0 HBs, and anti- intravenous drug abuse
HBc) and imprisonment
Year 2005 Seroprevalence |Dublin, Temporary 363 PEH: HBV Adults >18.0 61.0% |Serology HBV infection was 0% [32]
survey Ireland accommodation |infection (5.0%) positively associated with
IDU
Between 2004- | Seroprevalence |South Wales, 421 IDUr including  |Mean: 30.0 Serology 0% 54% [33]
2006 survey UK 39% PEH: HBV
infection (13%)
Between 2003- | Seroprevalence |Sydney, Medical clinic for [ 189 PEH: HBV Mean: 42; range: [86.0% |Serology Need for HBV vaccination  |Higher rate among PEH {0% About 6.3% [34]
2005 survey Australia homeless infection (33.6%) 18.0-74.0 (HBsAg, anti- than general population. (12/189) were
including past (32.0%) HBs, and anti- Past HBV infection was HAV-past HBV co-
and ongoing (1.6%) HBc) positively associated with infection

infection

IDU.




Year 2005 Seroprevalence |Prague, Community 98 PEH: HBV Range: 16.0 - 89.7% |Serology Negative subjects will be Higher rate among PEH  |0% [35]
survey Czech centre for youth |infection (7.2%) >50.0 (HBsAg, offered vaccination than general population.
Republic and adults HBeAg, anti- HBV infection was
HBs, and anti- positively associated with
HBc) and gPCR IDU.
Year 2003- Seroprevalence |Skid Row, Los|19 shelter 534 PEH: HBV Mean: 46.0 80.0% |Serology HBV infection was 0% [36]
2004 survey Angeles, USA |programmes at |infection (31.0%) positively associated with
10 locations and IDU, alcohol use, older
22 meal age, and risky sexual
programmes at 9 behaviour
locations
Year 2003 Seroprevalence |Hawaii, USA |Homeless 40 PEH: ongoing HBV |Adults Serology 0% [37]
survey shelters (2.5%) (HBsAg, anti-
HBs, and anti-
HBc)
Years 2002-  |Seroprevalence |Baltimore, Community 3,285 IDUr including  |Mean: 23.8 Serology Need for HBV vaccination 0% [38]
2004 survey Chicago, Los |centres for IDU [47.6% PEH: HBV 15.0-30.0 (HBsAg, anti-
Angeles, New |administration  |infection (22.4%) HBs, and anti-
York, and HBc)
Seattle, USA
Years 2002-  |Seroprevalence |Canada Streets 533 street-involved  |Mean: 25.7; range:(47.0% |Serology Successful HBV vaccination [Higher rate among PEH  |0% [39]
2003 survey persons: HBV 11.0-65.0 (HBsAg, anti- |can be achieved in the than general population.
infection (12.0%) HBs, and anti- | majority of this population,
including past (9.0%) HBc)
and ongoing (3.0%)
infection
Years 2002-  |Seroprevalence |S&o Paulo, |Five homeless |330 sheltered PEH: |Mean: 40.2; range:[80.9% |Serology Vaccination against hepatitis 0% [40]
2003 survey SP, Brazil shelters HBV infection (33.9%)[18.0 - 72.0 (ELISA test for |B must be implemented to
including previous HBsAg, anti- reduce infection in this
(30.6%) and ongoing HBs, vulnerable group.
(3.3%) infection and anti-HBc)
Between 2001- [Seroprevalence |San Surgical service |3,365 IDUr including |Mean + SD:40.0 (70.0% |Serology 0% [41]
2002 survey Francisco,  |for soft tissue  |30.0% PEH: HBV +5.0
California, infection infection (12.0%)
USA
Years 2001-  |Seroprevalence |Barcelona,  |Health and 949 heroin users Mean: 25.7; range:|72.7% | Serology The vaccination strategy HBV infection was 0% [42]
2003 survey Madrid and  [social centres  |including 14.0% PEH: |18-30 (HBsAg, anti-  |urgently needs to be positively associated with
Seville, Spain HBV infection (17.2%) HBs, and anti- |reinforced and redesigned.  |IDU.
HBc)
Between 2000- | Seroprevalence |Marseille, Two homeless |1,890 PEH: previous |Mean + SD:43.1 (95.2% |Serology Need for HBV vaccination  |Higher rate among PEH {0% Estimated  |[43]
2015 survey France shelters (35.7%) and ongoing |+ 16.4; range: 18 (HBsAg, anti- than general population. through
(4.1%) HBV infection |- 86 HBs, and anti- HBV infection was serological
HBc) and positively associated with test :6.5%
sequencing individuals born in sub-
Saharan African or Asian
countries as compared to
Europe
Between June- [Seroprevalence |Baltimore, Hospitals, social {172 PEH with Mean: 39.8 779% |Serology Vaccination should be 0% [44]
October 2000. |survey Marilance, service concomitant (HBsAg, anti-  |offered to PEH with severe
USA agencies, severe mental lliness HBs, and anti- |mental iliness and substance
emergency and substance use HBc) use disorders
shelters, disorders: HBV

soup kitchens,

infection (33%)




and street

locations
Years 2000s  |Seroprevalence |A large Streets 536 adolescent PEH: |Mean: 18.8 £1.6; [59.5% |Serology Need for HBV vaccination ~ |HBV infection was 0% [45]
survey northwestern HBV infection (3.4%) |range: 14.0 - 20.0 (HBsAg, anti- positively associated with
US city, USA HBs, and anti- self-reported IDU
HBc)
Years 2000s  |Seroprevalence |USA Temporary 150 PEH adolescents: [Range: 14.0 - 70.0% |Serology HBV vaccination Higher rate among PEH  |0% [46]
survey shelters HBV infection (17.0%){23.0 (ELISA test for |programmes targeting than most previous
HBsAg, anti-  |homeless youth reports such as Porto et
HBs, al., 1994 about street
and anti-HBc) youth. HBV infection was
positively associated with
sexual preference
(homosexual/bisexual vs
heterosexual) and ages
Between 1998- |Retrospective  |Minneapolis, |Coffee houses |105 street youths: Range: 15.0 - 60.0% |Questionnaire |Recommendation for HBV 0% 43% [47]
1999 questionnaire  [Minnesota,  |and drop-in HBV infection (6.0%) |22.0 vaccination reporting
survey New York, centres receiving
USA vaccine
Between 1998- |Seroprevalence |New Haven, |Community 212 IDUr, including 76|Mean: 38.2 69.0% |Serology Syringe exchange sites were |Completing three 0% >66% for 3 |[48]
2001 survey USA Health Service |PEH (36.0%): HBV (ELISA test for |more highly motivated to vaccinations was doses
infection (37%) HBsAg, anti-  |complete vaccination. positively associated with
including past (33.3%) HBs, homeless IDUr
and ongoing (4.7%) and anti-HBc)
infection
Between 1995- | Seroprevalence |Stanford, Domiciliary care {829 PEH: ongoing  [Mean:43.5+7.0 |96.0% |Serology 0% [49]
2000 survey California, for homeless HBV infection (1.2%) |range: 18.0 - 64.0 (HBsAg, anti-
USA veterans HBs, and anti-
HBc)
Between 1995- |Seroprevalence |New Orleans, |Emergency 4,005 PEH Range: 16.0 - 32.0% |Serology Application of vaccination 0% Questionnair ([50]
2002 survey Louisiana, shelters adolescents: ongoing |21.0 e 9%
USA HBV infection (0.6%)
Year 1996 Seroprevalence |New York, Inner-city 53 PEH: HBV Mean: 18.0; range:[26.0% |Serology Homelessness may be Higher rate among PEH  |0% [51]
survey USA hospital-based |infection (44.4%) 13.0-21.0 (HBsAg, anti- |indications for pre- than non- PEH
adolescent clinic HBs, and anti- |vaccination screening for
or a health HBc) HBV infection in adolescents
facility
Between Seroprevalence [Montreal, Services of 437 street youths: Range: 14.0 - 69.3% |Serology Early and complete HBV Higher rate among PEH  |0% 38.5% (at [52]
December survey Canada street youth HBV infection (9.2%) |25.0 (HBsAg, anti-  |vaccination among this than general population, least one
1995 and agencies HBs, and anti- |vulnerable population is aged 14 to 30 years. HBV dose) and
September HBc) urgently needed. infection was positively 11.8% (3
1996 associated with age doses)
(>18.0 years), with IDU,
those having a sexual
partner who had
unspecified hepatitis.
Between 1994- |Seroprevalence |Los Angeles |Streets 642 participants Mean: 43.0; range [71.0% |Serology Past infection was 0% [53]
1996 survey County, including 36.0% PEH: {18.0 - 70.0 (HBsAg, anti- positively associated
California, HBV infection (83.3%) HBs, and anti- while in detention and
USA including past (80.3%) HBc) having been ever

and ongoing (3.1%)
infection

arrested for possession
of IDU paraphemalia




Between Seroprevalence |Brazil Market places, [496 street Mean: 13.6; range [97.7% |Serology (EIA) |Baseline information for Street-based youth had a [0% [54]
September survey streets and adolescents: HBV 9.0-20.0 policy changes in hepatitis B |higher HBV marker-
1990 and July state institutions |infection (15.5%) prevention positive rate when
1991 including past (13.5%) compared to home-based

and ongoing (2.0%) teens (OR = 4.1, p<0.05)

infection
Years 1990s  |Seroprevalence |Toronto, Hospital 44 street youths: Mean: 15.7 + 1.8 [18.2% |Serology The difficulty in ensuring HBV infection was likely |0% [55]

survey Canada Ongoing infection (HBsAg, anti- |vaccine coverage in this to be higher among PEH
(2.0%) HBs, and anti-  |population would support compared to controls
HBc) calls for including hepatitis B {(0%)
vaccination as part of
childhood immunisation.
Before 1990  |Seroprevalence |Alaska, USA |Hospital 64 alcoholics, Mean: 35.0 55.0% |Serology Need for vaccination HBV infection was likely |0% [56]
survey including PEH: HBV (HBsAg, anti- to be higher among PEH
infection (33.4%) HBs, and anti- compared to controls
HBc) (34.4% versus 11.7%)

Between Feb  [Seroprevalence |West Los Residential 370 male PEH: HBV |Mean: 44.1 100%  |Serology Offer vaccination to PEH HBV infection was 0% [57]
1988 and July |survey Angeles, USA |setting infection (30.8%) (ELISA test for |adults positively associated with
1993 including ongoing HBsAg, anti- non-white ethnicity, age

(3.0%) and past HBs, (>45.0 years), history of

(30.8%) infection and anti-HBc) regular heroin use,

history of drug
detoxification

Abbreviations. SD, standard deviation; VPD: vaccine-preventable diseases; PEH, people experiencing homelessness; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to hepatitis
B surface antigen; anti-HBc, antibody to hepatitis B core antigen; ELISA, Enzyme-linked immunosorbent assay; aPR: adjusted prevalence ratio; IDU, Injected drug use; IDUr, Injected drug users; OR, Odds-

ratio; aOR, adjusted Odds-ratio; HAV, hepatitis A virus; EIA, enzyme immunoassay



Table 2. Descriptive analysis of outbreak and prevalence of hepatitis A infection among people experiencing homelessness

Date of study |Study design  |Place of Setting Population at Age (Mean = [Male (%) |Diagnostic tools |Vaccine recommendations |Risk factors identified/ |Mortality |Co-infections with|Previous References
study risk/Attack rate [SD; range) from authors Comments rate (%) |other VPD vaccination
(of susceptible) rate
Between Outbreak West Virginia, |Hospitals 664 confirmed Mean: 37.0;  |60.0% |Serology (IgM Support the recent national About [58]
January- investigation USA HAV cases, range: 14.0 - anti-HAV) and ACIP recommendation’ 0.1%
August 2018 including 100 77.0 then genotyping
PEH (15.1%)
Between 2017- {Outbreak Toronto, Hospitals 42 confirmed HAV |Mean: 38.0 79.0%  |Serology (IgM Support the recent national 0% [59]
2018 investigation Canada cases (MSM), anti-HAV) and ACIP recommendation
including 4 PEH then genotyping
(10.0%)
Between 2016- | Outbreak Kentucky, Hospitals 817 confirmed Mean: 39.0 62.5%  [Serology (IgM Support the recent national  [Prevalence of HAV was  |0% [60]
2019 investigation Michigan, HAV cases, anti-HAV) and ACIP recommendation significantly higher in
West Virginia, including PEH then genotyping MSM, non-injection user
USA (14%)
Between 2016- | Outbreak San Diego  [Hospitals 589 confirmed Mean: 43.0 Serology (IgM Support the recent national 4.8% 34.0% were HAV- [61]
2018 investigation County, USA HAV cases, anti-HAV) and ACIP recommendation HBV (or HCV) co-
including 291 then confirmation infection
PEH (49.0%) by RT-PCR
Between 2016- | Outbreak San Diego  |Emergency 133 confirmed Mean: 45.1 68.4%  [Serology 6.0% [62]
2018 investigation County, USA |department cases, including
PEH (64.7%)
Year 2017 Outbreak California, Hospitals 1521 confirmed  |Mean: 36.0—  |[About  |Serology (IgM Support the recent national 3.0% 3.0% were HAV- [63]
investigation Kentucky, HAV cases, 42.0; range: 66.0% |anti-HAV) and ACIP recommendation HBV co-infection
Michigan, and including 524 <1.0-90.0 then genotyping
Utah, USA PEH (34.5%)
Between June- |Seroprevalence |Tehran, Iran |Homeless shelter, {569 PEH anti- Mean: 42.0 82.4%  |Serology (anti- Prevalence of HAV 0% [64]
August 2012 [survey streets, in parks, or |HAV positivity HAV) significantly was higher in
in public places (94.3%) men
Between May- [Outbreak Prague, Hospitals 602 confirmed Range: 0 - 14.0|{About |laboratory- Post-exposure prophylaxis by 0% [65]
September investigation Czech HAV cases, (7.6%); 15.0— [60.0% |confirmed in vaccine was provided to HAV
2008 Republic including 474 64.0 (78.5%); accordance with  |contacts in foci and
persons (78.7%) |>65.0 (13.9%) the European preventive vaccination was
in risk groups Union case offered to PEH
(e.g. PEH, definition 2
alcoholics)
Year 2004 Outbreak Boston, USA  [Medical centre 136 confirmed Adults >16.0  {64.0% Need for vaccination 0% [66]
investigation HAV cases,
including PEH
(61.0%)
Between Outbreak Rotterdam,  |Municipal Health 93 confirmed HAV |Mean: 32.0; Serology (I9G and |Large-scale vaccination HAV subtype 3ain 12 0% [67]
January-June |investigation The Service cases, including  [range: 21.0 - IgM anti-HAV) strategy prevented its further |PEH in a family
2004 Netherlands 15 PEH (16.2%) |44.0 spread.
accounting for
0.8% (of 1800
PEH)
Between 2003- | Seroprevalence |Sydney, Medical clinic for 189 PEH: anti-  |Mean:42.0; [86.0% |Serology (total  |Need for HAV vaccination 0% About 6.3% [34]
2005 survey Australia homeless HAV positivity range: 18.0 - anti-HAV) (12/189) were
(40.0%) 74.0 HAV-past HBV co-

infection




Between 2002- |Seroprevalence |Marseille, Shelters 967 PEH: anti-  |Mean:42.0+ |100% Serology (IgG Need for HAV vaccination  |Anti-HAV seroprevalence [0% [68]
2015 survey France HAV IgG positivity | 14.6 anti-HAV) was associated with
(94.8%) being bom in Africa and
aging >41 years.
Between 2002- |Seroprevalence |Baltimore, Centres for IDU 3,285 IDUr Mean: 23.8; Serology (total Need for HAV vaccination 0% [38]
2004 survey Chicago, Los |administration including 47.6% |range: 15.0 - anti-HAV)
Angeles, New PEH: anti-HAV  {30.0
York, and positivity (19.3%)
Seattle, USA
Between 2002- |Seroprevalence |Canada Streets 533 street- Mean: 25.7; 47.0%  |Serology (I9G Successful HAV vaccination 0% [39]
2003 survey involved persons: |range: 11.0 — anti-HAV) can be achieved in the
IgG anti-HAV 65.0 majority of this population.
positivity (53%)
Year 2000 Outbreak Bristol, UK [Hospital 123 confirmed Mean: 25.0;  |About  |Serology (IgM Administration of a targeted 0% [69]
investigation HAV cases, range:2.0- |70.0% |anti-HAV) vaccination, education and
including 28 PEH |74.0 liaison programme applied;
(23.0%) vaccination of these groups
is feasible and acceptable in
an outbreak situation
Between 1999- [Seroprevalence |San Shelter and meal 1,138 PEH: anti- |Range: 26.0- [75.0% |Serology (IgG and|Need for vaccination 0% [70]
2000 survey Francisco, programmes HAV positivity 68.0 IgM anti-HAV)
USA (52.0%) and questionnaire
data
Between Seroprevalence |Vancouver, |Street outreach 111 street youths: |Mean + SD: Ultrasensitive Need to develop routine Anti-HAV was positively {0% [71]
March-August [survey Canada clinics anti-HAV positivity |19.6 £ 2.7 capture enzyme  |vaccination programmes associated with those
1998 (6.3%) immunoassay— reporting IDU
based method
(Salivary sample)
Between 1995- | Seroprevalence |Montreal, Services of Montreal |427 street youths: |Range: 14.0 - [69.3%  |Serology (total  |Vaccination against HAV is | Anti-HAV positivity was  {0% [72]
1996 survey Canada street youth anti-HAV positivity | 25.0 anti-HAV) actively promoted among associated with those
agencies (4.7%) Montreal street youth. having had sexual
partner(s) with history of
unspecified
hepatitis or insertive anal
penetration
Between 1991- [Seroprevalence |Goiénia- Day-care centres {397 street youths: [Range: 7.0—- {91.2%  |Serology (IgG and |Vaccine strategy in 0% [73]
1992 survey Goias, Brazil anti-HAV positivity |21.0 IgM anti-HAV) developing countries

(69.7%)

Abbreviations. SD, standard deviation; VPD: vaccine-preventable diseases; PEH, people experiencing homelessness; HAV, hepatitis A virus; anti-HAV, antibody to hepatitis A virus; ACIP, Advisory

Committee on Immunization Practices; MSM, men who have sex with men; RT-PCR, real time-polymerase chain reaction; HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, Injected drug use; IDUr, Injected

drug users;

! ACIP recommendation: All persons aged 1 year and older experiencing homelessness should be routinely immunised against hepatitis A. Routine vaccination consists of a 2-dose schedule or a 3-dose schedule

when administered with combined hepatitis A and B vaccine.

2 European Union case definition for HAV (source): https://eur-lex.europa.eu/legal-content/EN/TX T/PDF/?uri=CELEX:32018D0945 & from=EN#page=22.




Table 3. Descriptive analysis of outbreak and prevalence of other vaccine-preventable diseases among people experiencing homelessness

Date of study Study design |Place of Setting Population at Age (Mean = [Male (%) |Diagnostic tools |Vaccine recommendations |Risk factors identified/ [Mortality |Co-infections Previous References
study risk/Attack rate [SD; range) from authors Comments rate (%) |with other VPD  |vaccination
(of susceptible) rate
A
Pneumococcal
infection
Year 2018 Serotyping USA Hospitals 2,885 IPD Culture isolation  |Need for vaccination Serotypes 4, 12F, 20, [74]
surveys isolates, including and serotyping  |programme for PEH and 7F represented the
7% isolates from highest proportions of
PEH isolates that formed
related clusters together
with highest proportions
of isolates from PEH
Autumn and Outbreak Victoria, Hospitals 84 PEH with Mean: 56.3 61.0% |Culture isolation |Pneumococcal vaccination  |Positive association 11.9% Questionnair {[75]
winter of 2016—  |investigation |British confirmed IPD and serotyping  |coverage is needed among  [between serotype 4 IPD e:13.0%
2017 Columbia, (Gram stain, this marginalised population. {and homelessness
Canada colony (OR=4.9; p<0,01)
morphology on
blood agar, bile
solubility,
susceptibility to
optochin)
Between 2015-  |Molecular Marseille, Two homeless 477 PEH: Mean + SD: 100% qPCR Need to increase vaccination |Pneumococcal carriage  [0% 0.2% were S. [2]
2017 prevalence  |France shelters Pneumococcal  [43.6 + 16.0; rate was positively associated pneumococcus—
survey nasopharyngeal |range: 18.0 — with respiratory symptom influenza virus co-
carriage (12.4%) |84.0 presentation. carriage
Between 2010-  |Outbreak California, Hospitals 325 serotype 4 |Adults =217.0 Culture isolation |Future vaccine policy [76]
2018 investigation  [Colorado, and cases among and whole— discussions should include
New Mexico, adults, including genome homelessness as an
USA PEH (36.0%) sequencing indication for pneumococcal
vaccines.
Between Outbreak Winnipeg, Hospitals 169 patients with [Mean: 42.0; About  |Culture isolation, |Need to vaccinate Serotype 12F patients  [0% Questionnair {[77]
September 2009 |investigation |Canada confirmed IPD,  |range: 0-94.0 |58.0%  |PFGE, MLST, unvaccinated individuals who (were more likely to report €:37.0%
and January 2011 including 20 PEH MLVA are homeless or use illicit homelessness (OR=12.7;
(11.8%) drugs p<0.05).
Between 2005  |Outbreak Alberta, Hospitals 1,112 patients Mean +SD:  |About  |Culture isolation |Need for vaccination About [78]
2009 investigation |Canada with confirmed (454 +22.5 59.3% |from site such as |programme for PEH 11.3%
IPD, including 85 blood, CSF,
PEH (7.6%) pleural fluid,
biopsy tissue, joint
aspiration,
pericardial fluid, or
peritoneal fluid
Between 2005  |Outbreak Calgary, Hospitals 207 patients with |Adults 216.0 Gram stain, Vaccination for homeless Individuals with ST5 or | 0% [79]
2007 investigation |Canada. confirmed IPD colony ST8 IPD were more likely
(strain ST5 or morphology on to be homeless (% [OR]
ST8), including blood agar, bile 53.0% [4.4] or 43.0%
PEH (48.8%) solubility, [2.6], respectively).

susceptibility to
optochin and
pneumococcal




antibody
agglutination and
susceptibility
testing (broth
microdilution).

Between 2000-  |Outbreak Calgary, Hospitals 1,729 patients Mean £SD:  |78.8%  |Culture isolation |The most effective public PEH were younger, more |6.9% [80]
2016 investigation |Canada with confirmed ~ 45.0 £ 27.0 and serotyping  [health intervention for PEH to [often male, smokers,
IPD, including 321 (Gram stain, specifically prevent IPD is  |alcohol abusers, illegal
PEH (18.8%) colony vaccination (both drug users, and had a
morphology on  |PPV23 and PCV13 primary diagnosis of
blood agar, bile  |vaccinations) pneumonia when
solubility, compared with non—
susceptibility to homeless.
optochin)
Between 2000-  |Outbreak Alberta, Hospitals 2,435 IPD Mean +SD:  [56.7% |Culture isolation |Vaccination and other About [81]
2014 investigation |Canada patients, including |54.2 + 17.8 from site such as  |intervention 15.6%
184 PEH (7.4%) blood, CSF, programmes should have a
pleural fluid, high benefit in this
biopsy tissue, joint|population.
aspiration,
pericardial fluid, or
peritoneal fluid
Between Outbreak Alberta, Hospitals 129 confirmed Adults 217.0  [About  |Culture isolation |PEH should be targeted for | The attack rate of BPP [82]
November 2000 |investigation |Canada BPP patients, 70% and serotyping  |vaccination. among PEH was 266 per
to November including 6 PEH (Gram stain, 100,000 person-years, 27
2002 (4.7%) colony times that of the general
morphology on population. Current
blood agar, bile smoking, substance
solubility, abuse, alcohol abuse
susceptibility to was predictive of BPP
optochin)
Between January |Outbreak Toronto, Hospitals Estimation of Mean: 45.0; 89.0% |Culture isolation [Vaccination may be effective |PEH with IDP were more |15.0% Questionnair {[83]
2002 and investigation |Canada 5,050 PEH in range: 27.0 - and serotyping  |in reducing the risk. often smokers, those with e:9.0%
December 2006 Toronto: 69 74.0 (Gram stain, HIV infection and liver
(1.4%) cases with colony disease when compared
confirmed IPD morphology on to non- PEH
including 27 blood agar, bile
(0.5%) PP solubility,
susceptibility to
optochin)
Between 2002-  |Outbreak Anchorage, |Hospitals Estimation of 970 |Mean+SD:  [65.0% |Culture isolation |Increasing the availability of |Compared to general 0% [84]
2015 investigation |Alaska, USA PEH in 480+9.0 and serotyping  |pneumococcal vaccine in population (0.16%). PEH
Anchorage: 84 PEH could improve the were younger, more
cases (8.7%) with health of this vulnerable often alcohol abusers
confirmed IPD group. when compared to non—
PEH.
Between April Outbreak Paris, France |Hospitals 39 PEH for acute |Mean + SD: 100%  |Culture isolation |Sheltered residents would 2.6% Questionnair {[85]
1988 and March |investigation pneumonia: 46.0+11.0; and serotyping  |benefit from pneumococcal e:10.0%
1989 Streptococcus range 27.0- (Gram stain, vaccination.
pneumoniae 740 colony
serotype 1, morphology on
resistant to blood agar, bile
cotrimoxazole, solubility,

susceptibility to
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was isolated in 29
patients (74.0%).
Blood cultures
were positive in
24 (61.0%).

optochin)

B. Diphtheria
Between Outbreak USA Hospitals 8 patients with Culture isolation 0% [86]
2018-2019 investigation non-respiratory and genotyping
infections,
including 7 PEH
(87.5%)
Between Molecular Germany Hospitals 76 infected Mean: 45 .0 83.0%  |Culture isolation 0% [87]
2016-2017 investigation persons, including and genotyping
of outbreak 25 (32.9%) PEH
or those reporting
drug abuse; strain
ST8 (53.9%)
Between Molecular Poland Hospitals 18 confirmed Range: 16.0 - Culture, MLST Homelessness and 0% [88]
2004-2012 investigation diphtheria cases, |>71.0 and PFGE alcohol were identified as
of outbreak including 31.0% risk factors.
PEH:
genotype ST8
(100%)
Between 1996—  |Outbreak Switzerland, |Hospitals 17 patients, Mean: 40.0; 100% Culture: Isolation 0% [89]
1997 investigation |Germany, including 2 PEH  |range: 30.0 - from skin or
France. (11.8%) 58.0 subcutaneous
infections
Between 1987-  |Outbreak France Hospitals 40 patients with  |Mean: 38.0; 75.0% |culture isolation Homelessness and 36% [90]
1993 investigation systemic range: 4.0 - (blood, alcohol were identified as
infections, 87.0 osteoarticular, risk factors.
including 13 PEH perineal,
(31.7%) nasopharyngeal,
respiratory tract,
skin samples)
Between 1972-  |Outbreak Seattle, Hospitals 1100 infected Mean: 37.3 (19 |About  |Culture Need for vaccination within | Alcoholic urban PEH 0.9% [91]
1982 investigation  |Washington, persons, including |PEH children  |91.0%  |(nasopharyngeal, |10 years associated with poor
USA 95.0% PEH +1081 adults) respiratory tract, hygiene, crowding,
skin samples and season, contaminated
environmental fomites, underlying skin
samples) disease, hyperendemic
streptococcal pyoderma,
and introduction of new
strains from exogenous
reservoirs.
C. Seasonal
influenza
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Between 2017-  |Molecular Marseille, Hospital (infectious |98 PEH Mean +SD:  |87.6% |gqPCR Need for seasonal flu 0% [17]
2018 prevalence  |France disease units) hospitalised for  {43.3 £ 16.8 vaccination
survey different reasons:
influenza virus
infection (3.0%)
Between 2015-  |Molecular Marseille, Two homeless 477 PEH: Mean + SD: 100% qPCR Need for seasonal flu Respiratory viral carriage |0% 0.2% were S. 15.1% [2]
2017 prevalence  |France shelters Nasopharyngeal |43.6 + 16.0; vaccination including influenza pneumococcus—
survey influenza carriage |range: 18.0 — viruses was positively influenza virus co—
(1.7%) 84.0 associated with carriage
respiratory symptoms
and signs.
Between May—  |Molecular Tijuana, Outreach units and {303 persons from |Mean: 35.0; 62.0% [gPCR Need for seasonal flu 0% 8.9% [92]
November 2009 |prevalence  |Mexico community marginalised range: 29.0 - vaccination
survey clinics Populations, 430
including PEH:
H1N1 infection
(2.0%)
Year 2005 Molecular Marseille, Two homeless 225 PEH: Mean: 41.0; 94.0% [gPCR Need for seasonal flu 0% [93]
prevalence  |France shelters Influenza carriage |range: 7.0 — vaccination
survey (1.0%) 76.0
D. Human
papillomavirus
Between 2014-  |Molecular Houston, Community centres |130 MSM, Range: 18.0— |100%  |Consensus PCR |Black MSM would benefit 0% [94]
2016 prevalence |lllinois, USA including 22.6% |29.0 for HPV from increased HPV
survey PEH; 75.0% had genotyping vaccination efforts
at least 1 high-
risk HPV type
Between 1995~  |Epidemiologic |New Orleans, |Emergency shelter |4,005 PEH: HPV |Range: 16.0 - [32.0%  |Pap smear testing [50]
2002 al survey Louisiana, infection (2.0%) |21.0
USA among 2723
females

Abbreviations. SD, standard deviation; VPD: vaccine—preventable diseases; PEH, people experiencing homelessness; IPD, Invasive pneumococcal disease; PFGE, Pulsed—field gel electrophoresis; MLST,

Multi-locus sequencing typing; MLV A, multiple-locus variable number tandem repeat analysis; CFS, cerebrospinal fluid; OR, Odds-ratio; BPP, Bacteraemic pneumococcal pneumonia; PP, pneumococcal

pneumonia; qPCR: real time polymerase chain reaction; HPV, Human papillomavirus; MSM, men who have sex with men.
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Table 4. Summary of vaccination against HAV, HBV, pneumococcus and diphtheria for French children and adults'

Vaccines

General recommendations

Specific recommendations

Hepatitis B virus

Primary vaccination is mandatory for all children
born after 01 January 2018. Application of 2— or 3—
doses depending on type of vaccine

— Dose 1: from 2 months

— Dose 2: 1 month after dose 1

— Dose 3: 6 months after dose 2

For high risk groups

— Preschool children in community settings

— Newborns whose mothers are carriers of the HBs antigen as well as those born in Guyana or Mayotte
— Children and adults in psychiatric institutions

— Children and adolescents in institutions for infants or young disabled persons

— Persons having sex with multiple partners, having a current or past STl or exposed to STls
— Parenteral or intranasal drug users

— Travelers in countries of medium or high endemic disease

— Persons residing in areas of moderate or high endemic disease

— Persons who are candidates for organ, tissue or cell transplants

— Persons in close proximity to someone with acute or chronic hepatitis B

— Sexual partners of a person infected with hepatitis B virus or carrier of the HBs antigen

— Persons who accumulate exposure factors to the hepatitis B virus

— Persons with chronic liver disease

— Persons infected with HIV or hepatitis C virus

For professionals

— Medical and pharmaceutical professions: doctor, dental surgeon, pharmacist, midwife

— Other health professions: nurse, specialist nurse, masseur—physiotherapist, pedicure—podiatrist, medical
electroradiology manipulator, nurse's aide, ambulance driver, childcare assistant, biomedical analysis
technician, dental assistant

— The abolition of age requirements for the control of immunisation

— Establishing proof of immunisation by systematic serological testing

— Persons entering training courses for the professions listed in the order of March 6, 2007

Hepatitis A virus

-1 dose now and 1 dose injected 6-36 months
after dose 1

For high risk groups

— Children aged >1 year whose at least one of member in family originating from a country with a high anti-HAV
antibody prevalence

- Patients with cystic fibrosis or liver disease

— New young received into institutions for infants or handicapped persons

— Men having sex with men.

— Travelers in countries of medium or high endemic disease

For professionals

— Persons taking care of children (for example nursery staff, childminders)
— Persons working in collective reception structures for disabled people

— Persons responsible for the treatment of wastewater and sewers

Invasive pneumococcal
diseases

Primary vaccination is mandatory for all children
born after 01 January 2018.

— < 2years: 3 doses of PCV13 at 2, 4 and 11
months; 1 dose of PPSV23 at 24 months

For high risk groups
a) Immunocompromised patients (patients concerned by the vaccination recommendations for the
immunocompromised)




- 2-5 years: 2 doses of PCV13 now and after 2
months; 1 dose of PPSV23 2 months after dose 2
- >5 years: 1 dose of PCV13 now and 1 dose of
PPSV23 after 2 months

— Asplenic or hyposplenic (including major sickle cell syndromes).

— With hereditary immune deficiencies.

— With HIV infection.

— With a solid tumour or malignant haemopathy.

— With transplantation or awaiting solid organ transplantation.

- Transplanted haematopoietic stem cells.

- Treated with immunosuppressant, biotherapy and/or corticosteroid therapy for a chronic autoimmune or
inflammatory disease.

- Nephrotic syndrome.

b) Non—-immunocompromised patients (with an underlying disease predisposing to the occurrence of invasive
pneumococcal diseases)

— With cyanogenic congenital heart disease, heart failure.

— With chronic respiratory failure, obstructive pulmonary disease, emphysema.

— With severe asthma under continuous treatment.

— With renal failure.

— With chronic liver disease of alcoholic or non-alcoholic origin.

— With diabetes uncontrolled by simple diet.

— With an osteo-meningeal breach, a cochlear implant or candidate for a cochlear implantation.

Diphtheria

Primary vaccination is mandatory for all children
born after 01 January 2018.

— Dose 1: at 2 months old

— Dose 2: at 4 months old

— Dose 3: at 11 months old

For professionals
—Revaccination at age 25, 45 and 65 years, depending on professional activities, with a vaccine containing a
reduced dose of diphtheria toxoid.

Abbreviations: STI, sexually transmitted infections; HIV, human immunodeficiency virus; PCV13, 13—valent pneumococcal conjugate vaccine; PPSV23, 23—valent pneumococcal polysaccharide vaccine.
1. According to French vaccination guidelines : Ministere des solidarités et de la santé. Calendrier des vaccinations et recommandations vaccinales 2020 Mars. Available at https://solidarites—
sante.gouv.fr/IMG/pdf/calendrier_vaccinal_29juin20.pdf.






