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Background. Although Streptococcus pyogenes (Strep A) is the sixth-most common infectious disease globally, its transmission 
within the household remains an understudied driver of infection. We undertook a systematic review to better understand the 
transmission of Strep A among people within the home, while highlighting opportunities for prevention.

Methods. A search strategy was applied to 5 databases between September 2022 and March 2023. Results were limited to articles 
published between January 2000 and March 2023. Texts were reviewed by 2 authors and the following data extracted: article details 
(title, author, year), study type, transmission year, country, participant age, infection status, molecular testing, and transmission 
mode. Funding was provided by the Australian National Health and Medical Research Council (GNT2010716).

Results. The final analysis comprised 28 texts. Only 7 studies (25.0%) provided sufficient detail to identify the Strep A 
transmission mode: contact (n = 4), vehicle (bedding, clothing, other fabric, and medical equipment; n = 2), and contact with 
animals (n = 1). All others were classified as household (specific mode unascertainable). Most articles reported outbreaks 
involving invasive Strep A infections.

Conclusions. There is limited literature regarding household transmission of Strep A. Understanding transmission in this 
setting remains imperative to guide control methods.
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Group A Streptococcus (hereafter, Strep A) is a bacterium 
responsible for significant global morbidity and mortality 
[1], causing an array of illnesses: superficial (ie, pharyngitis, 
impetigo), invasive (ie, bacteremia, sepsis), and toxin medi
ated (ie, scarlet fever) [2]. An estimated 162 million cases of 
Strep A impetigo are present globally at any one time, with 
616 million annual cases of pharyngitis and 517 000 deaths 
caused by invasive Strep A infections per year worldwide 
[1, 3]. Strep A also has the potential to cause postinfectious 
immune-mediated illnesses—acute rheumatic fever (ARF) 
and acute poststreptococcal glomerulonephritis—which 
can progress to causing rheumatic heart disease and chronic 
kidney disease, respectively [1]. Susceptibility to 

postinfectious sequelae is driven by recurrent Strep A infec
tion of the skin or throat in early life, leading to immune 
priming and vulnerability to these illnesses [3]. There are 
>200 known strains of Strep A, with a predilection for dif
ferent clinical manifestations and evoking different host im
mune responses.

At a population level, incidence of Strep A infection 
and sequelae has long been associated with the consequences 
of socioeconomic marginalization, including poverty and 
household crowding [4–6]. Contemporary case-control 
data from Aotearoa New Zealand strengthens the case for 
household crowding as a driver of Strep A infections [7, 8]. 
This is consistent with epidemiologic correlations in 
Australia, with the burden of Strep A and sequelae highest 
among remote-living Aboriginal and Torres Strait Islander 
people in settings of poor household construction and limit
ed infrastructure maintenance [9–11]. Despite these associa
tions, there has been little exploration of how household 
factors contribute to increased Strep A risk and what mitiga
tion strategies may be possible. Understanding infectious 
disease transmission within houses and households offers 
important opportunities to understand and address disease 
effect [12, 13]. This systematic review scopes what is pub
lished about Strep A transmission events within household 
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settings to inform thinking about environmental health re
sponses in Australia.

METHODS

This review was completed according to the PRISMA statement 
(Preferred Reporting Items for Systematic Reviews and 
Meta-analyses) [14] (supplementary material). To better un
derstand the transmission of Strep A among people within 
the home and thus identify priority opportunities for effective 
prevention at the household level, we undertook a systematic 
review with 2 aims: first, identify the most frequent mecha
nisms of transmission in the household; second, describe the 
mechanisms of Strep A transmission while highlighting oppor
tunities for prevention [15]. This review complements a formal 
systematic review of Strep A transmission in all contexts inclu
sive of hospital settings [13].

Search Strategy

The search was conducted across 5 databases (Medline, 
Embase, PubMed, Web of Science, and Scopus) between 
August 2022 and March 2023 and can be viewed as part of 
the supplementary material. Where necessary, Medical 
Subject Headings terms were used as an adjunct to keywords. 
One author (S. L. E.) completed title and abstract screening 
and selected articles according to the following inclusion crite
ria: studies investigating an outbreak or transmission of Strep A 
in a household, studies of households that postulated a possible 
mode of transmission, and articles available in English. Prior 
work investigating Strep A transmission in all settings [13] 
demonstrated household studies undertaken from 2000 on
ward to be more in-depth and conducive to answering the re
search question. On this basis, only studies published between 
January 2000 and March 2023 were included. There were no 
limitations on study designs, participant age, geographic set
ting, or participant health. Narrative reviews, laboratory-based 
research, studies detailing infection trend, research on animal 
disease, or those addressing diagnosis and treatment were ex
cluded. Given the likelihood of nosocomial transmission in 
nursing homes or residential care, studies detailing outbreaks 
in these settings were excluded. Studies related to in-home 
nursing or health care were also excluded, as there are substan
tial differences between these and households, such as number 
of residents, contact with staff, requirement for large numbers 
of staff, and air handling. References from all included studies 
were screened to capture any studies not identified in the search 
strategy.

All selected texts were reviewed by 2 authors (S. L. E., E. P.) 
and the following data extracted: article details (title, author, 
year), type of study, year of transmission, country, geography 
(urban, rural, remote), participant age, infection status 
(exposed, symptomatic, asymptomatic), molecular testing, 

and mode of transmission. Strep A infection was classified as 
follows: superficial (eg, pharyngitis, impetigo, scarlet fever), se
vere (isolation of Strep A from a nonsterile site in combination 
with symptoms attributable to streptococcal toxic shock syn
drome), or invasive (isolation of Strep A from a normally sterile 
site in combination with severe clinical presentation). In each 
study, the “index case” was noted as the first case requiring med
ical attention. Discrepancies between authors were discussed and 
amended accordingly. Notes were also taken where authors hy
pothesized possible drivers of transmission within the house
hold. The primary outcome was the mechanism of Strep A 
transmission within the home. The secondary outcome was an 
assessment of the modes of transmission within the same setting 
with potential opportunities for prevention. Descriptive analyses 
were used to report the frequency of variables across the cohort 
of studies, and all other results were analyzed narratively.

RESULTS

Search Strategy

A total of 2167 articles were retrieved, with 1343 remaining af
ter the removal of duplicates. Following title and abstract 
screening against the inclusion and exclusion criteria, 24 arti
cles were included in the analysis. Reference screening identi
fied 4 articles eligible for inclusion, and 28 articles composed 
the final review. The search strategy and primary reasons 
why articles were excluded are presented in Figure 1. The stud
ies and primary findings are summarized in Table 1.

Study Design

Of the 28 articles in the review, 20 (71.4%) were case reports 
and 8 (28.6%) were cohort studies. Most outbreaks were from 
Europe (n = 12, 42.8%), with 11 (39.2%) from North 
America, 4 (14.3%) from Asia, and 1 each from Oceania and 
South America. Too few articles reported on seasonality, geog
raphy of outbreak occurrence, or participant income to report 
meaningful descriptive statistics for these parameters. 
Comments were also unable to be made regarding population 
marginalization or vulnerability—important considerations 
given the prevalence of Strep A infections in resource-limited 
settings.

Population Demographics

Every article reported at least some demographics of cases and 
contacts, although the level of detail varied. Most studies in
cluded a mix of age groups (n = 12, 43.8%), with 5 (17.9%) 
describing only those aged <18 years, 7 (25.0%) aged 18 to 
60 years, and 4 (14.3%) >60 years. At least 1 special health 
condition in cases prior to Strep A infection was described in 
18 (64.3%) outbreaks; these were classified as multiple 
complications (>1 identified health challenge; n = 9, 50.0%), 
recent history of infectious disease (n = 5, 27.8%), acute 

Household Transmission of Strep A • JID 2024:230 (15 October) • e799

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/230/4/e798/7628180 by Edith C

ow
an U

niversity user on 13 D
ecem

ber 2024

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae136#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae136#supplementary-data


injury/postoperative (n = 3, 16.7%), and prematurity (n = 1, 
5.6%). The rest were previously healthy (n = 6, 21.4%), or insuf
ficient detail was provided to appropriately classify (n = 4, 14.3%).

Disease

Most articles reported on >1 Strep A disease manifestation 
among people in each household outbreak (n = 19, 65.5%). 
Invasive Strep A infection was present in 21 (72.4%) studies, se
vere disease in 15 (n = 51.7%), and superficial skin and/or 
throat infections in 15 (51.7%). Asymptomatic carriage was 
also noted in 6 studies (20.7%). No instances of postinfectious 
immune-mediated sequelae were cited in any studies.

Transmission

Only 7 studies (25.0%) provided sufficient detail to appropriately 
identify the mode of Strep A transmission. These were contact 
(n = 4), vehicle (bedding, clothing, and other fabric and medical 
equipment; n = 2), and contact with animals (n = 1). All others 
were classified as household (specific mode unascertainable).

Contact Transmission: Including Sexual Transmission and Skin-to-Skin 
Contact

Of the 4 studies in this section, 3 undertook molecular testing to 
identify the source of infection [19, 20, 24]. Gisser et al [19] de
scribed a case of peritonitis in a previously healthy woman with 

an intrauterine device (IUD). Identical strains were isolated in 
the culture of a throat specimen from the patient’s male partner 
(asymptomatic) and the patient’s IUD. The authors postulated 
that minor trauma caused by the IUD placement a year earlier 
facilitated passage of the bacteria across the endometrium, with 
the most likely transport route of Strep A being oral sex. 
Manalo et al [20] reported a case of orogenital transmission 
causing a Strep A tubo-ovarian abscess. The patient’s partner 
had a mild respiratory tract infection 1 month prior, and the 
couple indicated engaging in oral sex prior to the infection. 
Organisms isolated from the patient’s peritoneal swab speci
men and her partner’s throat culture had identical electropho
retic patterns. Oral sex was postulated by Green et al [29] to 
underpin Strep A transmission in a couple who had streptococ
cal septicemia; however, the specific source could not be deter
mined. While the woman had an IUD, no organisms grew from 
swabs taken from it, possibly due to preceding antibiotics, and 
throat swabs were not collected.

Laustrup et al [24] described a case of invasive Strep A infec
tion causing necrotizing fasciitis transmitted between a cohab
iting couple. One partner sustained a soft tissue injury that 
became infected; the other incurred a small laceration several 
days later. Direct contact via wound care from 1 partner to an
other preceded both being diagnosed with invasive Strep A in
fection. The same strain of Strep A was determined upon 

Figure 1. Flow diagram of search results and screening process.
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isolation via polymerase chain reaction of DNA that was recov
ered from wound swabs.

Vehicle Transmission

Sobel et al [30] reported 2 cases of recurrent Strep A vulvovag
initis in women whose male partners were identified as gastro
intestinal carriers of Strep A. Molecular typing of samples 
revealed that each couple had identical Strep A strains, with 
no other household contacts returning positive cultures. The 
authors postulated perianal shedding with contamination of 
bedding as the mechanism for transmission.

Smolyakov et al [21] reported the simultaneous development 
of streptococcal necrotizing fasciitis in limbs of a cohabitating 
couple with a history of intravenous heroin injection. 
Molecular typing (emm and T antigens) of blood, synovial flu
id, and wound cultures identified identical strains. No throat 
cultures were completed. History confirmed the regular sharing 
of injecting equipment, which was postulated as the most likely 
transmission route.

Contact With Animal

Strep A is commonly described as a human-only pathogen; 
thus, animals are not considered sources of transmission 
[44]. However, Veraldi and Minuti [39] reported an incident 
of severe streptococcal skin infection in an elderly woman fol
lowing a cat scratch. While molecular typing was not undertak
en, Strep A was isolated from the patient’s wound as well as the 
cat’s oral cavity and claws, and it was inferred that the cat was 
potentially the source of human infection.

Household: Specific Mode Unascertainable

All remaining studies (n = 21, 75.0%) provided insufficient de
tail to adequately determine the specific mode of transmission 
within households, though noting close contact with an index 
case and subsequently infected family members to be the pri
mary risk factor. However, it could not be ascertained whether 
droplet, skin-to-skin contact, or another mode was responsible. 
Of these, strains between the index case and contacts were iden
tical in 15 (71.4%) of investigated outbreaks, indicating definite 
Strep A transmission among household contacts. The remain
ing studies did not report on molecular typing results; hence, 
only assumptions were provided. The majority (n = 17, 
80.9%) detailed outbreaks involving people aged <18 years. 
Twelve studies (41.4%) reporting cases of invasive or severe 
Strep A disease noted at least 1 contact who had a previous 
superficial Strep A infection that had cleared symptomatically 
and/or a close contact who was identified as an asymptomatic 
carrier.

A handful of studies warrant noting. Lindbaek et al [28] ob
served a significant relationship between spread of superficial 
Strep A infection (pharyngitis) within the household and the 
presence of children—postulated to be a result of closer contact Ta
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among household members where children are present, espe
cially when children are ill. Watts et al [40] found infants and 
contacts aged ≥75 years to be at highest risk for invasive 
Strep A infections within 60 days of their household experienc
ing a scarlet fever case (60-day incidence rate, 35.3 cases/100  
000 person-years; 12.2 times higher than the background rate 
of 2.89 cases). No specific transmission modes were confirmed.

Mearkle et al [36] assessed the risk of invasive Strep A infec
tions from household contacts (United Kingdom) and identi
fied the 30-day incidence rate to be 4520 cases/100 000 
person-years, 1940 times higher than the background inci
dence (2.34 cases/100 000 person-years). While no specific 
transmission modalities were postulated, risk factors includ
ed being a mother in the postnatal period, being a neonate, 
having a higher household occupancy size, and being in a 
spousal relationship and aged ≥75 years. In a US study, 
Adebanjo et al [41] reported the 30-day incidence rate 
of household Strep A transmission as 1240 cases/100 000 
person-years among all ages and 4122 cases/100 000 person- 
years in an older subgroup in which the age of the secondary 
case was ≥65 years.

No other studies reported information adequate to infer risk 
factors or identify traits of nonpatients that may have been pro
tective against illness.

DISCUSSION

We attempted to describe the primary mechanisms of Strep A 
transmission within households using a systematic approach. 
As evidenced by the results, there is a notable lack of studies 
reporting on this topic and providing adequate detail to form 
definitive conclusions despite the heavy burden of infection 
experienced globally from this pathogen. Hence, inferences 
regarding transmission modalities cannot be discerned.

An assessment of the literature regarding Strep A outbreak 
investigations in other environments demonstrated an applica
tion of more thorough epidemiologic methods, allowing for 
accurate discernment of transmission mechanisms. This tends 
to be more common in settings where the risk of nosocomial 
transmission is heightened, especially among medically vulner
able populations in clinical environments. For example, 
Mahida et al [45] identified perianal shedding from a health 
care worker (HCW) to be the source of an outbreak in an elder
ly care medical ward through HCW screening and environ
mental sampling using swabs and settle plates. In this 
outbreak, an upholstered chair on the ward used by infected pa
tients and the asymptomatic HCW was the most likely source 
of transmission. Strep A dissemination by small airborne par
ticles on postoperative wards were discussed by Mastro et al 
[46] and Berkelman et al [47], where in each example an 
asymptomatic operating nurse was considered to be the source, 
one colonized on the scalp and the other vaginally with strains 

that matched the infection strain. Cordery et al [48] demon
strated the usefulness of swabbing and environmental sampling 
to assess the transmission of Strep A in school classrooms amid 
upsurges in scarlet fever rates, indicating the applicability of ex
panded methods beyond clinical settings.

In the articles in our review, limited environmental sampling 
took place within the household. The household provides a 
valuable setting to investigate Strep A transmission by asymp
tomatic and symptomatic members, and the results from this 
review indicate the need for prospective screening studies in 
high-risk household environments inclusive of regular person
al and environmental sampling. Based on the findings here 
and from investigation in health care settings, personal sam
pling should include throat, skin, rectal, and vaginal swabs, 
and environmental sampling should include bedsheets and 
soft furnishings for investigation of an invasive Strep A case. 
Sampling for superficial Strep A transmission may be simplified 
to throat and skin swabs, with soft and hard environmental sur
faces also swabbed. Considerations to acceptability of such in
vasive swabbing within households must be made.

In our study, which was targeted at household transmission, 
we identified only 1 article reporting transmission events likely 
originating from superficial infections [28]. Severe and invasive 
Strep A infections were most often reported, given the clinical 
severity of such infections and the known likelihood of second
ary cases among households [36]. This prominence may be due 
to these diseases being notifiable and the assumption that con
tacts infected with the same strain will have a similar (invasive) 
clinical presentation, which invokes a greater clinical response 
occasionally involving epidemiologic investigation. However, 
superficial infections such as impetigo and pharyngitis are 
far from benign, with the potential for progression to post
streptococcal sequelae if untreated. Investigation to under
stand the household transmissibility of Strep A pharyngitis 
and impetigo is needed in regions experiencing high rates of 
ARF, rheumatic heart disease, and acute poststreptococcal glo
merulonephritis to inform preventative public health measures 
and interventions. From a post hoc molecular analysis of skin 
and throat isolates collected in a household study of individu
als at risk of ARF, asymptomatic throat carriers were recently 
hypothesized as reservoirs for Strep A strains that cause impe
tigo in high-burden remote northern Australian Aboriginal 
community settings [9]. This was based on the finding that 
63% of household transmission events of superficial Strep A in
fections were connected to the detection of the same isolates of 
Strep A in the throat of asymptomatic individuals prior to it 
being detected from a skin infection. These highlight occult 
respiratory spread as a potential transmission factor in house
holds in this setting.

Few articles specified a mode of Strep A transmission. Of those 
that did, orogenital sex was indicated as a likely source in 3 in
stances. While each case study was well reported and investigated, 
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it is unlikely that this mode is a significant contributor to global 
disease burden when compared with other means: droplet, con
tact, or environmental. We hypothesize that the nascent and nov
el nature of each case drove the desire to investigate and publish. 
The case study involving a cat scratch should also be treated as 
novel and rare, given that there are few similar reports in the lit
erature of animal-to-human transmission of Strep A.

Almost all articles discussed the importance of providing pro
phylactic antibiotics to close contacts of invasive Strep A cases; 
however, this may be impractical as a significant proportion of 
secondary cases occurred within 1 day of the index [35, 36]. 
Mearkle et al found that 38% of pairs were co–primary cases 
or had only 1 day between initial and subsequent infections 
[36]. Guidelines for the prevention of invasive Strep A infections 
among known contacts would be strengthened by informed un
derstanding of transmission mechanisms within the household, 
which remain uncertain.

The literature continues to assess risk factors associated with 
Strep A infection—mostly the postinfectious sequelae—with 
great inroads to informing prevention strategies. Oliver et al 
interviewed 55 individuals with ARF and determined a high 
likelihood of their experiencing household crowding (58%), 
bed sharing (49%), dampness and mold (76%), cold (82%), 
and cohabitation with smokers (71%) [49]. This descriptive 
study provided the justification for further work, including 
that completed by Bennett et al [7] and Baker et al [8], which 
identified crowding to be a risk factor for Strep A pharyngeal 
and skin infections [7] and ARF [7]. Cannon et al [50] also 
found that household risk factors for ARF in early and middle 
childhood included large family size, with overcrowding a risk 
factor for development of ARF in late childhood. This knowl
edge of epidemiologic risk factors indicates who requires im
plementation of prevention strategies to interrupt household 
transmission of Strep A, but precisely what those prevention 
strategies should be requires further precise knowledge of 
transmission pathways of Strep A in households.

This research has several limitations. First, most studies 
were from Europe and North America, with fewer from other 
continents. We note this geographic bias affecting the general
izability of results, specifically in resource-limited settings. 
Generalizability is further affected by the majority of articles 
being case reports, which are acknowledged as being less robust 
than other study designs. The overall dearth of data prevented 
the application of more rigorous statistical methods, allowing 
only for a narrative analysis.

CONCLUSION

Household transmission of Strep A is poorly described in the 
literature. Given the time spent in household environments, a 
greater understanding of Strep A transmission modalities in 
this setting is required to guide prevention methods.
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