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Abstract

Strongyloidiasis and HTLV-I (human T-lymphotropic virus-1) are important infections
that are endemic in many countries around the world with an estimated 370 million
infected with Strongyloides stercoralis alone, and 5-10 million with HTVL-I.
Co-infections with these pathogens are associated with significant morbidity and
can be fatal. HTLV-I infects T-cells thus causing dysregulation of the immune system
which has been linked to dissemination and hyperinfection of S. stercoralis leading
to bacterial sepsis which can result in death. Both of these pathogens are endemic
in Australia primarily in remote communities in Queensland, the Northern Territory,
and Western Australia. Other cases in Australia have occurred in immigrants and refu-
gees, returned travellers, and Australian Defence Force personnel.

HTLV-I infection is lifelong with no known cure. Strongyloidiasis is a long-term
chronic disease that can remain latent for decades, as shown by infections diagnosed
in prisoners of war from World War Il and the Vietnam War testing positive decades after
they returned from these conflicts. This review aims to shed light on concomitant infec-
tions of HTLV-I with S. stercoralis primarily in Australia but in the global context as well.

1. Introduction

Strongyloidiasis and HTLV-I (human T-lymphotropic/leukaemia
virus-I) infection cause important diseases that are endemic in many coun-
tries around the world. Both pathogens are endemic in Aboriginal people
(Cassar et al., 2013) but are often neglected causes of infectious disease in
Australia. However, there are indications that the serological prevalence
of HTLV-I is particularly high in Central Australia, with an estimate of
40% of individuals infected in one community (Einsiedel et al., 2016c¢).
The prevalence of S. stercoralis in northern and Central Australia is also high
with estimates of seropositivity ranging from 10% to 60% (Table 1)
(Einsiedel et al., 2016¢; Einsiedel and Woodman, 2010; Flannery and
White, 1993; Sampson et al., 2003; Shield et al., 2015). Each can have severe
consequences on the health of infected persons; concomitant infections can
lead to dangerous disease sequelae and death.

Strongyloidiasis is caused by parasitic nematodes (roundworms) of the
genus Strongyloides and is considered to be one of the most neglected



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
Zubrinich et al.  Immigrants 28, 35,50,  Vietnam (1), India (1), S. stercoralis 100% (n=4) Urticaria Strongyloides: Case studies
(2019) 64 Fiji (1), Japan (1) ELISA (IgG),
serology, stool
microscopy
Wilson and Resident 12 Australia (NT, Alice  S. stercoralis Single patient Tiredness, pharyngitis, ~ Strongyloides: Case study
Fearon (2019)  (non- Springs) poor appetite, ELISA (IgG)
Indigenous) abdominal discomfort,
rash
1999-2016  Smith et al. Residents Australia (FNQ) S. stercoralis 0.24% (1/409) 0.98% (4/409) Strongyloides: Not  Hospital case
(2019) S. scabiei 3% (14/409) stated review
HTLV-I: PA
[Serodia], EIA
[Murex], CMIA
[Abbott]
1994-1996  Shield et al. Residents Median 11 Australia (NT, North-  Toxocara sp. 20.51% (8/39) Strongyloides: Survey
(2015) (Indigenous) Eastern Arnhem land) ~ S. stercoralis 28.21% (11/39) ELISA (IgG)
S. stercoralis 18.28% (70/383) ELISA (IgG)
T. trichiura 84.86% (325/383) Formol-ether
Hookworm 33.94% (130/383) Formol-ether
Entamoeba spp. 31.85% (12/383) Formol-ether
Giardia duodenalis 9.40% (36/383) Formol-ether
Hymenolepis nana 18.02% (69/383) Formol-ether
1986 Sampson et al.  Residents Australia (WA, S. stercoralis 17.8 (5/27) Strongyloides: Sero-survey
1986 (2003) (Indigenous) Kimberley) Beagle Bay 10% (3/30) ELISA
1986 Lombardina 58% (33/57)
1986 Looma 4.5% (3/66)
1986 One Arm Point 5% (2/40)
1990 Kalumburu 37% (36/97)
1999 Nilliluna 11.4% (26/228)
Kalumburu

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
1982-1983  Sampson and Immigrants 1-69 Vietnam S. stercoralis 1.34% (27/2012) Strongyloides: Immigrant
Grove (1987) T. trichiura 3.63% (73/2012) Serology, stool arrival survey
Giardia spp. 1.79% (36/2012) examination
Hookworm 2.09% (42/2012)
A. lumbricoides 1.34% (27/2012)
Hymenpolis nana 0.45% (9/2012)
Opisthorchis/ 0.2% (4/2012)
Clonorchis sp. 0.05% (1/2012)
Eosentomon 0.05% (1/2012)
nudilabratum
Evaniella erythraspis
2014 Robertson Resident 0-97 Australia (North S. stercoralis 6.04% (42/695) Strongyloides: Hospital based
et al. (2017) Queensland) qPCR, nested
cPCR
20002002  Rice et al. Refugees 0-17 East Africa S. stercoralis 11.28% (15/133) Strongyloides: Hospital lab
(2003) Intestinal parasites [14 equivocal| Serology based
50% (66/133) Stool microscopy
1993 Reynoldson Residents Australia (WA, S. stercoralis 1.9% (2/108) Strongyloides: Drug efficacy
et al. (1997) (Indigenous) Kimberley region) Giardia duodenalis 39.8% (43/108) Zinc flotation, trial
Entamoeba coli 40.7% (44/108) Kato-Katz
Hymenolepsis nana 54.6% (59/108)
Hookworm 30.6% (33/108)
E. vermicularis 6.5% (7/108)
T. trichiura 2.8% (3/108)
Served Rahmanian ADF" veterans Vietnam (1962-1975)  S. stercoralis 11.6% (29/249) Strongyloides: Veteran cohort
1962-1975 et al. (2015) (served ELISA, stool
2010 1962-1995) microscopy (paste
and
concentration)
1972-1991  Prociv and Resident Australia (QLD, S. stercoralis 1.97% Strongyloides: Community
Luke (1993) (Indigenous) Torres Strait) (633/32,145) Stool microscopy  survey




1972-1973 QLD DOH Residents Australia (QLD) S. stercoralis 0% (0/857) Strongyloides: Community
1973-1974  (1965) and (Indigenous) 3.5% (58/1654) Formol-ether surveys
1975-1976  Prociv and 7 6% (163/2133) concentration
1972-1975  Luke (1993) 2.0% (57/2819)
1979-1980 3.0% (53/1792)
19801981 2.0% (48/2394)
1981-1982 1.0% (21/2099)
1982-1983 1.2% (25/2065)
1983-1984 <1% (2/2354)
1984-1985 1 5% (2/2334)
1985-1986 2-8% (2/1853)
1986-1987 1.0% (2/2083)
1985 Prociv and Immigrant Kampuchea (now S. stercoralis Single patient Weakness, Strongyloides: Case study
Adkins (1987) Cambodia) pneumonia, Autopsy, various
septicaemia tissues
Potter et al. Resident 18 Australia (NT, S. stercoralis Single patient Diarrhoea, abdominal ~ Strongyloides: Case study
(2003) (Indigenous) Arnhem land) pain, anorexia Stool microscopy
20062009  Paxton et al. Refugees Myanmar S. stercoralis 20.8% (202/973) Strongyloides: Retrospective
(2012) Schistosoma spp. 7.0% (80/1136) Serology pathology
“Faecal parasites” 43.4% (446/1027) Faecal audit
examination
(unclear)
20062007  Pattison and RAMSI 23-56 Solomon Islands S. stercoralis 100% (n=14)*" Rash, epigastric pain,  Strongyloides: Retrospective
Speare (2008)  personnel diarrhoea, urticaria Faecal review positive
microscopy, cases
ELISA
1980 Oliver et al. POW Timor, Java, S. stercoralis 17.0% (26/150) Rash, eosiniphilia Strongyloides: Survey former

(1989)

Singapore, Burma-
Thailand, Japan

Stool culture

POWs

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. Clinical associations Methods Study type
2013-2014  Ngo et al. Refugees Iraq, Iran, Syria, S. stercoralis 4.1% (136/3307) Strongyloides: Entry survey
(2018) Afghanistan, Pakistan, positive ELISA (IgG)
Tibet, India, Myanmar 2.2% (73/3307)
(Burma), Egypt, equivocal
Buhtan, Sri Lanka,
Sudan, Lebanon,
China, Nepal, DR
Congo, Somalia,
Eritrea
2000-2001  Mukerjee et al. ADF, 65, 76 New Guniea (1), S. stercoralis n=2 Rash, diarrhoea, Strongyloides: Case studies
(2003) immigrant Lebanon (1) gastric pain, cough Serology
20102011  Mounsey et al. Residents Australia (NT, East S. stercoralis 16.5% (n=124) ELISA, DBS- New
(2014) (Indigenous) Arnhem land) pretreatment ELISA diagnostic
12% (n=230) screen
posttreatment
1988-1991  Meloni et al. Residents 0-80 Australia (WA, S. stercoralis 0.26% (1/385) Strongyloides: Community
(1993) (Indigenous) Kimberley region) Giardia duodenalis 30.9% (119/385) Direct stool survey
Hymenolepis nana 20.5% (79/385) microscopy, zinc
Entamoeba coli 13.0% (50/385) sulphate flotation
A. duodenale 1.3% (5/385) method
Periclimenaeus 1.0% (4/385)
orbitospinatus 0.52% (2/385)
Chilomastix mesnili 0.52% (2/385)
Eobrolgus 0.52% (2/385)
pontarpioides 0.26% (1/385)
Sarcocytsis spp. 0.26% (1/385)
T. trichiura 0.26% (1/385)
E. vermicularis
Cytoisosposa belli
Lim and Biggs  Immigrant Laos S. stercoralis Single patient Pruritic rash Strongyloides: Case study
(2001) 50 Larvae in sputum




Konecny et al.  Resident 27 Australia (NSW/ S. stercoralis Single patient Diarrhoea, weight loss  Strongyloides: Case study
(2018) Central Australia) Skin & Ileal
biopsy,
broncioalveolar
lavage
1987 Kennedy etal.  POW 65 Burma-Thailand S. stercoralis Single patient Strongyloides:
(1989) Jejunum biopsy
1994-1996  Holt et al. Residents Australia (NT, S. stercoralis 13.1% (11/84); Strongyloides: Community
(2017b) and (Indigenous) Arnhem land) Hookworm 4.7% (4/85) Direct faecal MDA survey
Kearns et al. Hymenolepsis nana 13.1% (11/84); smear
(2015, 2017) Trichuris trichiura 1.2% (1/85) microscopy
23.8% (20/84); Agar plate culture
22.4% (19/85) PCR, serology
67.9% (57/84);
48.2% (41/85)
20102011 Residents Australia (Arnhem S. stercoralis 21.39% (175/818) Strongyloides: Population
(Indigenous) land) S. scabiei [Baseline] ELISA (IgG), survey and
11.91% (109/915) agar plate, direct MDA
[12 months] microscopy
1973-1978  Jones (1980) Residents Australia (WA, West  S. stercoralis 2.0% (33/1683) Strongyloides: Medical audits
(Indigenous) Kimberley, Pilbara, Entamoeba coli 0.12% (2/1683) Formol-ether
Northern) Giardia duodenalis 15.2% (256/1683) sedimentation
E. vermicularis 1.13% (19/1683)
Ancylostoma spp. 5.85% (98/1683)
Trichuris trichiura 0.06 (1/1683)
Hymenolepis nana 20.4% (343/1683)
Hymenolepsis 0.06% (1/1683)
diminuta
1994 Heath et al. Returned 54 Fiji, Noumea S. stercoralis Single patient HIV co-infection Strongyloides: Case study
(1996) traveller Urticarial rash, Sputum, ELISA,
epigastric pain stool microscopy
1994-1999  Healey and Residents Australia (NT, S. stercoralis 33.33% (2/6) Strongyloides: Retrospective

Selva-
Nayagam
(2001)

(6 Indigenous)

Darwin)

S. scabiei

Stool microscopy
Skin scrapings

hospital review

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
2012-2013  Hays et al. Residents Australia (WA, S. stercoralis 35.52% (92/259) Strongyloides: 3-year cohort
(2015, 2017a,  (Indigenous) Kimberley region) [baseline] ELISA (IgG) study/drug
b) 13.39% (32/239) efficacy trial
[6 months]
5.78% (12/207)
[3 years]
1990-2014  Gurry et al. Refugees, Various S. stercoralis 8.4% (7/83) Strongyloides: HIV cohort

(2015) Immigrants Schistosoma spp. 8.6% (5/58) ELISA (IgG)

Grove (1980)  POW SEA S. stercoralis 27.5% (44/160) Urticaria, larval Strongyloides: Ex POWs
currens, abdominal String test, stool  34-37 years ter
pain, diarrhoea, microscopy, stool
weight loss culture

Grant and Immigrant 78 Australia (Vietnam) S. stercoralis Single patient Abdominal pain Strongyloides: Case study

Tiong (2018) Biopsy small

bowel
1984-1985  Gracey et al. Resident Australia (Kimberley)  Strongyloides spp. 4.08% (2/49) Strongyloides: Prospective in
(1992) (Indigenous) Formalin-ethyl remote
acetate community
concentration
2015 Fraser (2019) Resident 71 Australia (NSW, S. stercoralis Single patient Tiredness, lethargy. Strongyloides: Case report
(Indigenous) north-western/mid Patient treated for Serology
North coast) ovarian cancer
1978 Ford et al. Immigrant 60 Burma (Myanmar) S. stercoralis Single patient Wheezing, cough, Strongyloides: Case report
(1981) fever Sputum, stool
microscopy
1986 Flannery and Residents Australia (Arnhem S. stercoralis 41.38% (12/29) Strongyloides: Cross sectional
1976-1990  White (1993) (Indigenous) land, Donydji, 59.6% (245/411) stool serology survey
Yirrkala)
1991-1992  Fisher et al. Residents 0-66 Australia (NT, S. stercoralis 33.17% (68/205) Strongyloides: Retrospective

(1993) (64 Ss+ve Darwin) T. trichiura 45.37% (93/205) Direct stool review hospital

Indigenous) Hookworm 22.93% (47/205) microscopy, cases
( )

Giardia duodenalis

21.20% (45/205

formol-ether
concentration




2000-2006  Einsiedel and ~ Residents Australia (NT, Alice S. stercoralis 100% (n=18)*" 7 positive, Abdominal pain, Strongyloides: Retrospective
Fernandes (Indigenous) Springs) 7 not determined, 4 cough, vomiting, Serology, stool review hospital
(2008) negative chest pain, diarrthoea,  microscopy cases
pruritus, wheeze, HTLV-I:
dyspnea Serology
(unclear)
1998-2005  Einsiedel and Immigrants 20-88 Fiji (1), SEA (5), China  S. stercoralis 100% (n=17)" Wheeze, dyspnea, Strongyloides: Retrospective
Spelman (2006)  (2-52years (1), Sri Lanka (1), India eosinophilia, rash, Faecal review
after (2), Seychelles (2), gastrointestinal microscopy,
resettlement) Ethiopia (2), Russia symptoms harada culture, EI
(1), Italy (1), Greece
)
Returned 25-61 Papua New Guinea S. stercoralis 100% (n=1 1)*"
travellers (1), Vanuatu (1), SEA
(7), Africa (2)
2008-2013  Einsiedel et al.  Residents Australia (NT, Alice S. stercoralis 25% (180/721) 36.5% (307/840) Bronchiectasis Strongyloides: Hospital-based
(2018) (Indigenous) Springs) [111 HTLV-I Serology prospective
negative; HTLV-I: E1 cohort
69 HTLV-1 Murex, PA
positive| Serodia, WB,
PCR
20142015  Einsiedel et al.  Residents 1>35 Australia (NT, remote  S. stercoralis 13.89% (10/72) 4.3% (1/23) Bronchiectasis, cough,  Strongyloides: Community
(2016¢) (Indigenous) community) |children] diarrhoea Serology survey
40.5% (30/74) HTLV-I: EI
[adults] [Murex], PA
[Serodia], WB,
PCR
2008-2009  Einsiedel et al.  Residents >15 Australia (Alice S. stercoralis 18.3% (11/61) n=74 HTLV-I Targeted
(2016a) (Indigenous) Springs) +10 equivocal Western blot cohort
2009 Einsiedel et al.  Resident 39 Australia (NT, Alice S. stercoralis 1 1 Infective dermatitis Strongyloides: Case study
(2013) (Indigenous) Springs) Serology
HTLV-I: WB

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
20002013  Einsiedel et al.  Resident 40.9+£17.3  Australia (NT, Alice 33.6% (635/1889) HTLV-I. WB Hospital
(2016b) (Indigenous) Springs) cohort
2001-2005  Einsiedel and Residents Australia (NT, Alice S. stercoralis 35.4% (73/206) 43.0% (116/270) Strongyloides: Retrospective
Woodman (Indigenous) Springs) Serology review
(2010) HTLV-I: WB
2000-2010  Einsiedel et al. ~ Residents >15 Australia (Alice S. stercoralis 23.9% (269/1126)  38.7% (624/1614) Strongyloides: Retrospective
(2014b) (Indigenous) Springs) S. scabiei (111 HTLV-I +) Serology, stool review
14.2% (152/1451) microscopy
(71 HTLV-I +) HTLV-I: E1
Murex, PA
Serodia, WB,
PCR
7-20 years  de Silva et al. Immigrant 18-82 Lao S. stercoralis 24.21% (n=95) Strongyloides: GP survey
after (2002) Stool
resettlement microscopy,
ELISA
2004-2008  Chaves et al. Immigrant 16-86 Burma (Myanmar) S. stercoralis 26% (n=156) Strongyloides: Retrospective
(2009) Serology cohort study
Chan et al. Immigrant 72 Australia (Vietnam) S. stercoralis 1 Strongyloides: Case study
(2018) Laproscopic
mesenteric biopsy
2000, 2002 Caruana et al.  Immigrant >15 East Africa S. stercoralis 0% (0/117) Strongyloides: Cross-
(2006) Cambodia T. trichiura 4.27% (5/117) SAAFF [Para sectional
G. duodenalis 5.13% (6/117) Pak], ELISA survey of
E. histolytica 3.42% (4/117) (IgG) recent
Holtbyrnia 0.85% (1/117) immigrants
cyanocephala 0.85% (1/117)
D. fragilis
Cambodia S. stercoralis 4.9% (10/204)

Hookworm

1.95% (4/204)




20052011  Boan et al. Resident Australia (WA, Perth)  S. stercoralis 25% (3/12) 0% (0/3) Strongyloides: Retrospective
(2017) (Indigenous) Unclear cohort
HTLV-1:
Unclear
2002 Biggs et al. Immigrant 16-78 (Ss+) Cambodia S. stercoralis 35.04% (82/234) Strongyloides: Health
228 years  (2009) ELISA, faecal assessment
after microscopy
immigrating
Best et al. Residents 5-9 Australia (QLD, Cape  S. stercoralis 9.68% (6/62) Strongyloides: Wet Community
(1976) (Indigenous) York Peninsula, G. duodenalis 33.87% (21/62) mounts, faecal survey
Kowanyama) T. trichiura 38.71% (24/62) smears, zinc
H. nana 27.42% (17/62) concentration
E. histolytica 8.06% (5/62)
1996; 2004;  Miller et al. Residents Australia (QLD, S. stercoralis 5% (7/139) Strongyloides: Hospital
2005 (2018) (Indigenous) ‘Woorabinda) 12% (113/944) Faecal retrospective,
30% (260/867); examination community
(26/129) Serology study
1969 Walker-Smith ~ Resident 6 months Australia (NSW, S. stercoralis 1 Bowel obstruction Strongyloides: Case study
et al. (1969) (Indigenous) Bowraville) Stool
examination
2004-2012  Soulsby et al. Resident Australia (Alice S. stercoralis 4 Urticaria, rash, Strongyloides: Case studies
(2012) Springs) diarrhoea, a cough, Serology
wheezing, epigastric (unclear)
pain, abdominal pain,
nausea
1985-1989  Yiannakou Resident Australia (QLD, S. stercoralis 11 (Resident) Diarrhoea, rash, Strongyloides: Retrospective
et al. (1990) (9 Indigenous) Townsville, Palm 2 (Refugee) vomiting, pruritis Stool review
Refugee Island, Charters 1 (POW) examination
POW towers)
Vietnam
1996-2002  Page et al. Residents Australia (NT, S. stercoralis 79 Strongyloides: Serological
(2006) (Indigenous) Arnhem land) Serology study, targeted

cohort

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
2002-2012  Mayer- Residents 0>80 Australia (NT, S. stercoralis 1.7% (389/22,892) Strongyloides: Retrospective
Coverdale etal. (388 Ss+ve Katherine, Tennant Formalin-ethyl
(2017) Indigenous) Creek, Alice Springs, acetate
Nhulunbuy) concentration
20022005  Bradbury and  Refugees Australia (Sudan, S. stercoralis 20% (n=2686) Strongyloides: SAF  Hospital based
Thomas (2006) Sierra Leone) faecal screening
concentration
1977 May et al. Residents 0>60 Australia (WA, Fitzroy — - 15.73% (28/178) HTLV-I. WB, Community
1984/86 (1990) (Indigenous) crossing (FC); central FC 1977 ELISA survey,
Australia (CA)) 13.89% (66/475) hospital testing
CA 1977
33.75% (27/80) CA
1984/86
1988 Bastian et al. Residents Australia (Darwin) - - 0.036% (4/11,121) HTLV-I: PA Blood donors
(1993a, b, ¢) (Indigenous) [Serodia], WB
Chew et al. Residents 39, 48 Australia (Central - 2 Uveitis HTLV-I: Case studies
(2018) (Indigenous) Australia/Alice Serology
Springs)
2000-2006  Einsiedel et al.  Residents Australia (Alice S. stercoralis 1 58.4% (89/52) Bronchiectasis HTLV-I: PA Retrospective
(2012) (Indigenous) Springs) [Serodia], EI cohort study
[Murex], WB
2010 Faull and Residents 41 Australia (WA, Great — 1 HAM/TSP HTLV-I: Case study
Panegyres (non- Sandy Desert)
(2014) indigenous)
2008-2015  Marr et al. Residents 6 months to  Australia (NT) - - 15.94% (774/4857) Hep B HTLV-I: PA Retrospective
(2017) 2 years [Serodia], CMIA  hospital cohort
[Abbott], WB
Menz et al. Residents Australia (Adelaide) - 1 Infective dermatitis HTLV-I: WB Case study
(2018) (Indigenous)




2004-2005  Steinfort et al.  Residents Australia (Alice - 72% (18/25) Bronchiectasis HTLV-I Retrospective
(2008) (59761 Springs) Serology hospital based
Indigenous)
20002009  Davies et al. Residents Australia (NT, - 2.3% (10/440) HTLV-I: EI Retrospective
(2012) 371 Darwin, Arnhem land) [Murex], PA pathology
Indigenous) [Serodia], CMIA  services
[Abbott]
2008-2011  Grivas et al. Residents Australia (NT) - 10.35% (368/3555) HTLV-I: PA Retrospective
(2014) (367 [Serodia], CMIA  pathology
Indigenous) [Abbott] services
2003-2013  Robertson Residents Australia (QLD), S. stercoralis - 1.60% (20/1247) Formalin-ethyl Retrospective
et al. (2014) Arukun (AK), AK acetate pathology
Gununa/Mornington 3.45% (37/1078) microscopy services
Island (GMI) GMI
2014 Nayar et al. Residents 50 Australia (Alice - 1 Bladder dysfunction HTLV-I. Case study
(2018) (Indigenous) Springs) Serology
Rajabalendaran  Residents 31 Australia (Alice - 1 Progressive weakness ~ HTLV-I: PA Case study
et al. (1993) (Indigenous) Springs) in legs [Serodia], WB, EI
Nicholson etal. Residents Australia — 0.36% (4/11, 114) HTLV-I. WB Blood donors,
(1992) and other diseases,
Wylie and drug users
Thomson
(1992)
Kirkland et al.  Residents 44 Australia (Central - 1 HTLV-I: Unclear Case study
(1991) (Indigenous) Australia)
20042014  Styles et al. Residents Australia (Blood bank) — — 3:1,000,000 — HTLV-I Blood donors
(2017) Serology
Mollison et al. ~ Residents Australia (NT) S. scabiei 58.33% (14/24) n=24 HTLV-I Community

(1993)

Continued



Table 1 HTLV-I and Strongyloides stercoralis infections in Australia from 1976 to 2020.—cont'd

Years Country of origin/
sampled Refs. Status Age geographical location Parasite species Parasite prev. HTLV-I prev. Clinical associations Methods Study type
1992-1993  Mollison Residents Australia (NT) S. scabiei 14.81% (8/54) 40.74% (22/54) Bronchiectasis HTLV-I: PA Community
(1994) (Indigenous) 0% (0/15) [Serodia], WB
(caucasian)
20082018  Hung et al. Residents Australia (NT) S. stercoralis 0.48% Strongyloides: Retrospective
(2019) Hymenolepis nana (240/49,679) Faecal wet mount
Hookworm 0.82% microscopy,
Trichuris trichiura (406/49,679) faecal
0.09% (44/49,679) concentration
0.41%
(204/49,679)
2018 Paltridge et al.  Residents Mean 28.2  Australia (FNQ, S. stercoralis 3.33% (2/60) Strongyloides: Prospective
(2019) (2 Ss+ve Cairns) ELISA hospital based
Indigenous) cohort—
pregnant
women
20002018  Paltridge et al.  Residents 33-62 Australia (FNQ, S. stercoralis 26.6% (645/2429) Strongyloides: Retrospective
(2020) Cairns) Serology (ELISA, hospital based
IVD, Bordier)
20062011  Beknazarova Residents Australia (FNQ, S. stercoralis 30.11% (106/352) Strongyloides: Medical center
et al. (2018) (54 Ss+ve Kuranda) Indigenous Serology
and Eager Indigenous) 11.05% (40/362)
(2011) non-indigenous
2011 Page (2011) Resident Australia (NT, S. stercoralis 2 Strongyloides: Case study
Nhulunbuy) Serology, faecal
microscopy
"Australian Defence Force
PRetrospective review of positive cases.
FNQ, Far North Queensland; QLD, Queensland; WA, Western Australia; NT, Northern Territory; NSW, New South Wales; PA, particle agglutination; WB, Western Blot; EI, Immunoassay; ELISA, Enzyme linked Immunosorbant assay; PCR, polymerase chain reaction; CMIA, Chemiluminescent

Microparticle Immuno Assay; POW, prisoner of war; ADF, Australian defence forces; Ss, S

stercoralis; Scs,

Sarcoptes scabiei; +ve, positive.
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(Olsen et al., 2009) of the neglected tropical diseases (NTDs), as defined by
the World Health Organization (WHO, 2019a). Within the NTDs it comes
under the umbrella of the soil transmitted helminthiases (STH) with the
main species being Ascaris lumbricoides (roundworm), Trichuris trichiura (whip-
worm), and Ancylostoma spp. and Necator americanus (hookworms). There are
two main Strongyloides species that cause human infection; S. stercoralis and
S. fuelleborni. S. fuelleborni has two distinct subspecies, S. fuelleborni fuelleborni
and S. fuelleborni kellyi (Nutman, 2017; Viney et al., 1991). S. stercoralis infec-
tions are often overlooked in community-wide studies in endemic areas
globally. This is because larvae are excreted intermittently and in low num-
bers, and are therefore not readily detectable by routine faecal microscopic
examination. Worldwide, Strongyloides spp. are estimated to infect up to 370
million people, predominantly in socioeconomically disadvantaged com-
munities (Beknazarova et al., 2016; Bisofti et al., 2013; Olsen et al.,
2009). In Australia S. stercoralis is the infecting species, based on the criterion
that larvae and not eggs are present in fresh faeces of infected people (Best
et al., 1976; Einsiedel and Fernandes, 2008; Mayer-Coverdale et al., 2017;
Robertson et al., 2017; Sandground, 1925; Viney and Lok, 2007). It has
recently been demonstrated that a genetic clade of S. stercoralis infecting both
dogs and humans exists in Cambodia, Myanmar, and Japan (Jaleta et al.,
2017; Nagayasu et al., 2017), suggesting the possibility of zoonotic transmis-
sion, while two other clades have thus far only been identified exclusively in
dogs; all three clades have been detected in Australia (Barratt et al., 2019;
Beknazarova et al., 2019).

S. stercoralis infection in those who are immunocompromised, whether
or not this is due to the administration of drugs, can be susceptible to dis-
seminated strongyloidiasis. HTLV-I, which negatively aftects the immune
system, is an important co-infection leading to increased morbidity in those
concomitantly infected with both pathogens (Carvalho and Da Fonseca
Porto, 2004).

We review HTLV-I and S. stercoralis infections in Australia with refer-
ence to the global context of both pathogens; we consider their lifecycles,
prevalence among the three primary cohorts identified in Australia
(Australian Aboriginals, refugees and immigrants, and returned service per-
sonnel and travellers), and options for diagnosis, treatment and control.
Where Australian research is lacking, we draw on work carried out in other
countries where these two infections are co-endemic.
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2, Strongyloides stercoralis background

Two species of Strongyloides can cause human infection, S. stercoralis
and S. fuelleborni (Nutman, 2017; Viney and Lok, 2007). Infection with
S. fuelleborni may be caused by two subspecies: S. f. fuelleborni and
S. fuellborni kellyi (Nutman, 2017; Viney et al., 1991). Human disease cau-
sed by S. stercoralis and S. f. fuelleborni can be zoonotic, with S. stercoralis
found in canines and felines and S. f. fuelleborni in non-human primates
(Thanchomnang et al., 2017, 2019; Wulcan et al., 2019). S. fuelleborni
kellyi, which has been found infecting humans in New Guinea, has no
known non-human hosts, although it is still thought to originate from zoo-
notic sources (Ashford et al., 1992; Kelly et al., 1976). Human infections
with the S. f. fuelleborni subspecies have been identified in Thailand, India
and Africa (Ashford et al., 1992; Barratt et al., 2019; Hasegawa et al., 2016;
King and Mascie-Taylor, 2004; Thanchomnang et al., 2017). The genetic
determination of S. f. fuelleborni in humans from Thailand is based on a
short sequence of DNA extracted from faeces and does not align with par-
asite sequences from the Macaques from which human infections were
posited to come from, or other non-human primate sequences available
(Thanchomnang et al., 2017). It is possible then that this is an indication
of human infection with the subspecies, but not evidence of zoonosis; fur-
ther in-depth sequencing and comparison of human parasites with those
from the infected Macaques would be required to determine whether this
indeed constitutes a zoonosis. A recent report of three cases of S. fuelleborni
infection from Australia was made in error (Barratt et al., 2019; Richard
Bradbury, Personal communications). Difterentiation of S. fuelleborni and
S. stercoralis is based on morphological differences in the vaginal orientation
of free-living females, and the passage of eggs rather than rhabditiform lar-
vae in faeces (Kelly et al., 1976; Speare, 1989) (Fig. 1). S. f. fuelleborni and
S. fuelleborni kellyi can be distinguished by the nature of the peri-vulval cuti-
cle in the free-living female and the position of the phasmidal pore in the
free-living male (Kelly et al., 1976; Viney et al., 1991). The most com-
monly used real-time PCR diagnostic method does not differentiate
S. stercoralis from S. fuelleborni (Verweij et al., 2009).

Recent short-sequence mitochondrial cox1 genotyping of dogs and
human samples identified three separate S. stercoralis genotypes split into
at least three clades, with two found in infected dogs, and the other present
in both dog and human hosts (Beknazarova et al., 2019; Jaleta et al., 2017;
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Nagayasu et al., 2017). The existence of the dog and human infecting clade
suggests a potential role for dogs as a zoonotic reservoir for human infecting
genotypes of S. stercoralis. Initial work comparing Asian dog and human geno-
types from cultured larvae found identical cox 1 and small subunit rRINA (SSU
rRINA) genotypes from both hosts (Jaleta et al., 2017; Nagayasu et al., 2017).
Further studies incorporating a next generation sequencing approach identi-
fied identical new genotypes of S. stercoralis in dogs from remote Australian
communities (Barratt et al., 2019; Beknazarova et al., 2019). Genotypes iden-
tified from humans and dogs differed when sequences from humans in
Australia were aligned; there were several shared single nucleotide polymor-
phisms (SNPs) in both dogs and humans, although overall sequences were

Fig. 1 Lifecycle of Strongyloides stercoralis, S. fuelleborni fuelleborni, and S. fuelleborni
kellyi.

o Adult female worms live in the small intestine of the host and produce eggs. 9
S. fuelleborni eggs are excreted into the environment via the faeces and hatch into rhab-
ditiform larvae. o S. stercoralis eggs hatch inside the small intestine and rhabditiform
larvae are usually excreted into the environment via the faeces. Once in the environ-
ment S. stercoralis and S. fuelleborni e rhabditiform larvae can then develop directly

into @ filariform larvae or develop from 9 rhabditiform larvae into 0 free-living
adults. This free-living cycle only completes one generation; the first generation
filariform larvae cannot become free-living adults and must penetrate a host to con-
tinue their lifecycle. The free-living adults reproduce sexually, producing o eggs which
hatch into @ rhabditiform larvae which undergo successive moults to become Q

infective filariform larvae. @ In addition to humans, S. stercoralis has previously been
found in canids and felids, while S. fuelleborni fuelleborni can also infect non-human pri-
mates. It is not known if an animal host of S. fuelleborni kellyi exists. @ The filariform
larvae directly penetrate the skin of the human or animal host and migrate randomly
to the small intestine (Page et al.,, 2018; Schad, 1989), or they can undergo circulatory-
pulmonary-tracheal migration whereby they penetrate the alveolar spaces of the lungs
and are coughed up and swallowed. @ Once in the small intestine they moult twice
more into parasitic females (there are no parasitic males) which reproduce via
parthenogenesis.

@ S. stercoralis eggs hatch into rhabditiform larvae inside the small intestine and can
moult into infective filariform larvae in the lower GIT, thereby causing autoinfection.
These autoinfective filariform larvae penetrate the intestinal mucosa or skin around
the anus and are carried by the circulatory-pulmonary-tracheal route or migrate via
other organs. Autoinfection can result in persistent, long-lived infections for decades.
It also contributes to hyperinfection, usually seen in immunocompromised individuals,
and can result in bacterial sepsis which in severe cases can cause death. The lifecycle of
S. fuelleborni kellyi is considered to be identical to S. fuelleborni fuelleborni except that no
zoonotic hosts have been identified for S. fuelleborni kellyi.
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quite short (217-434bp) (Barratt et al., 2019; Beknazarova et al., 2019)
(Supplementary Table 2 in the online version at https://doi.org/10.1016/
bs.apar.2020.11.002). This was further supported by the recent application
of a machine learning based algorithm used to create a maximum likelihood
clustered distance tree of the combined sequences of cox1 and two SSU
rRINA targets (Barratt and Sapp, 2020). This approach identified seven dis-
tinct genotypic clusters, of which one was only found in dogs, another was
skewed towards dog hosts, but did include some human infections. While
the other five clusters predominantly contained human samples, dog-
infecting isolates were interspersed in these clusters (Barratt and Sapp,
2020). However, it remains possible that the host-specific clustering evident
in the above studies is an artefact of limited sampling from a single host in small
geographic areas. Wider sampling of both hosts in the same areas is indicated
to definitively confirm these data.

In three of these reports, DNA extraction and subsequent sequencing
was performed directly from faecal samples collected from the environment.
A deficiency of this approach is the fact that no controls were included to
exclude possible coprophagia of human faeces by the dogs sampled.
Consequently, it is possible that these genotypes represent intestinal passage
of S. stercoralis DNA after consumption of infected human faeces by the dog
hosts (Barratt et al., 2019; Beknazarova et al., 2019). Earlier work with sim-
ilar findings genotyped individual cultured larvae (Jaleta et al., 2017,
Nagayasu et al., 2017), and intestinal passage of viable, intact, human larvae
through the dog digestive tract is less likely to occur. Ultimately, the short
cox1 sequences and the limited variability of the SSU RNA targets
sequenced in most S. stercoralis genotyping studies limits the level of discrim-
ination and prohibits correct phylogeny construction. The limited
genotyping data using these targets has, to date, thus provided tangential evi-
dence of a potential S. stercoralis transmission cycle between dogs and
humans, at least in some Asian and Australian communities, but this hypoth-
esis requires further investigation to provide definitive proof.

Only one study has thus far produced any sequence data for S. f. kellyi. Its
conclusions, based on a 330 bp sequence of the 18s rRINA gene (Genbank
accession number AJ417029), did not support S. fuelleborni kellyi as a subspe-
cies of S. fuelleborni (Dorris et al., 2002). This short sequence had 100% iden-
tity with the same 18s rRINA regions deposited in Genbank of Strongyloides
venezuelensis, Strongyloides ransomi, Strongyloides vituli and Strongyloides cebus.
Moreover, the sequence showed only two base pair difference (both T-A)
from S. fuelleborni subsp. fuelleborni from a Japanese macaque. Overall, the
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combined data and the single short read sequence is insufficient to ascribe
S. fuelleborni kellyi as a new species.

2.1 Lifecycle and disease

The lifecycle of Strongyloides spp. 1s complex and has both a parasitic cycle and
a facultative free-living cycle. In contrast to S. fuelleborni, S. stercoralis can
cause autoinfection within the definitive host (Fig. 1) (Page et al., 2018).
Autoinfection occurs when the rhabditiform larvae develop directly into
infective filariform larvae while still in the host, which can then penetrate
the lower gut and migrate to the intestine via other organs, carrying gut bac-
teria with them. When this process is accelerated in immunocompromised
individuals, dissemination to other organs can cause damage and bacterial
sepsis leading to death; mortality associated with disseminated strongyloidiasis
is high (Basile et al., 2010; Buonfrate et al., 2013; Konecny et al., 2018).
Dissemination and hyperinfection are interconnected states that occur due
to accelerated autoinfection and are often associated with a decreased
immune response due to the effects of drugs/biologics such as corticosteroids
and other immunosuppressive therapies, solid organ transplantation, HTLV-
I infection, cancer, leukaemia, and old age (Mejia and Nutman, 2012).
Weakened immune defences lead to parasite migration and dissemination
(Aru et al., 2017). Genta (1992) hypothesized that corticosteroids, as well
as affecting the immune response, have a direct effect on S. stercoralis larvae,
favouring the development of autoinfective larvae in the gut. Recent work
using the NSG (NOD (non-obese) diabetic scid gamma) mouse model sup-
ports this hypothesis. S. stercoralis has a DAF-12 nuclear receptor that regu-
lates parasite development and can be controlled by A7-dafachronic acid, an
endogenous nematode steroid. Methylprednisolone acetate induces and A7-
dafachronic acid suppresses S. stercoralis hyperinfection in NSG mice. DAF-
12 has the potential to become a novel chemotherapeutic target for treating
lethal hyperinfection (Albarqi et al., 2016; Patton et al., 2018).

While free-living adults of S. stercoralis only complete one generation
before reverting to parasitism (Yamada et al., 1991), it is less straight forward
in S. fuelleborni fuelleborni and seems to differ depending on the intensity of
infection and ‘quality’ of the faeces, as determined by faecal culture condi-
tions (Hansen et al., 1969). In high intensity infections and under aerobic
conditions filariform larvae develop directly from the originally excreted
eggs. It is only under semi-anaerobic conditions that adults develop. In
lower intensity infections sexual adult forms develop and filariform larvae
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are a result of mating between these free-living adults; in very low numbers a
second generation of free-living adult females who mate with first genera-
tion males and resultant filariform larvae constitute the third generation
(Hansen et al., 1969). Most species of Strongyloides have an external cycle
with only one free-living generation (Viney and Lok, 2007), the exception
being Strongyloides planiceps where up to nine generations under culture con-
ditions have been reported (Yamada et al., 1991).

As mentioned earlier, there are three possible phases recognized for
S. stercoralis infection—acute, chronic and hyperinfection/dissemination
(Nutman, 2017; Page and Speare, 2016). The acute phase follows initial
infection and is relatively short. Once infection is established, there is an
autoinfective burst (Schad et al., 1997) and, dependent on the numbers of
adult females present, results in increasing numbers of larvae found present
in faeces; however, serology by IgG-enzyme-linked immunosorbent assay
(IgG-ELISA) may be negative or equivocal during this phase due to a ‘win-
dow’ period before antibody levels become elevated (Grove and Northern,
1982; Page and Speare, 2016; Speare and Durrheim, 2004). Symptoms range
from mild to severe, possibly depending on the number of larvae causing the
initial infection (Freedman, 1991; Page, 2011). Skin manifestations, includ-
ing larva currens and urticarial rash, may be the only sign of initial infection
with S. stercoralis (Ly et al., 2003; Smith et al., 1976; von Kuster and Genta,
1988). Infected individuals experience various degrees and combinations of
fever, cough, urticaria, epigastric pain, diarrhoea and eosinophilia (Caumes
and Keystone, 2011; Pattison and Speare, 2008); gastrointestinal symptoms
may be severe (Freedman, 1991; Nutman, 2017; Page, 2011; Pattison and
Speare, 2008). The chronic phase can last for years to decades with non-
specific and intermittent symptoms (Page and Speare, 2016). Faecal larval
output is thought to drop during this phase due to a strong immune response
which also leads to an increase in IgG levels at this time (Atkins et al., 1997,
1999; Genta and Lillibridge, 1989; Page and Speare, 2016). Infected individ-
uals may be asymptomatic or experience mild to moderate symptoms,
including indigestion, urticaria, pruritus ani, diarrhoea and weight loss,
which are sometimes intermittently non-specific (Grove, 1980). In a small
number of cases, the disease can progress to the final phase—hyperinfection/
disseminated strongyloidiasis—which occurs in immunocompromised indi-
viduals. It is characterized by a rapid and exponential increase in parasite
numbers, with high larval faecal output. In disseminated Strongyloidiasis,
larvae are present throughout the body and in bodily fluids such as sputum
as well as in faeces. The reduced immune response includes a reduction in
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IgG levels and IgG-ELISA serology may return a negative result (Kearns
et al., 2017; Lier et al., 2020; Mascarello et al., 2011; Osiro et al., 2017;
Page et al., 2006; Rodriguez et al., 2015). Clinical presentations of hyper-
infection/disseminated strongyloidiasis include: severe gastrointestinal
symptoms (diarrhoea, epigastric pain, paralytic ileus, and ulcerative enteritis)
and signs of malnutrition, hypokalaemia, bacterial meningitis, bacterial sep-
sis, and multiple end-organ failure as well as other rarer presentations (Byard,
2019; Page and Speare, 2016; Shield and Page, 2008).

In Papua New Guinea (PNG), protein losing enteropathy with ascites,
referred to as ‘swollen belly syndrome’, has previously been reported in infants
with very high S. fuelleborni kellyi faccal egg counts (Ashford et al., 1992).
Symptoms include a distended and swollen abdomen, diarrhoea, respiratory
distress, weight loss, hypoproteinaemia, and peripheral oedema (Ashford
etal., 1992). There is high mortality with this syndrome. External autoinfec-
tion is known to occur in infants when they are cradled on soiled bedding of
leaves or cloth used to line string bag carrying cradles (Ashford et al., 1992;
Ashford and Barnish, 1989). Due to the high humidity and mist, particularly
in mountainous areas of PNG, the cradles are continuously damp, a perfect
place for the S. fuelleborni kellyi larvae to rapidly develop into infective
filariform larvae, allowing for very high infections leading to cases of swol-
len belly syndrome. Transmammary transmission has been suspected in
S. fuelleborni kellyi and has been shown to occur in human infections with
S. fuelleborni fuelleborni in Africa (Brown and Girardeau, 1977); however,
despite attempts to find S. fuelleborni kellyi larvae in maternal milk
(Ashford et al., 1992), there is no evidence of transmammary transmission
in humans (Shoop et al., 2002).

2.2 Temperature and other environmental factors

S. stercoralis 1s not restricted to tropical and subtropical zones, as is evident
with the parasite also identified in temperate zones (Beknazarova et al.,
2016; Fraser, 2019; Schar et al., 2013). The autoinfective cycle (Fig. 1)
enables S. stercoralis to maintain an infection without the need to reinfect
the host from the external environment; thus the infection is maintained
even when the external milieu is unfavourable. Poor hygiene may also allow
for person-to-person transmission.

Studies examining the survivability of S. ratti larvae at different temper-
atures showed that at a temperature range of 15-37 °C larvae could survive
for up to 24 days, although 22-28°C is considered optimal (Barrett, 1968).
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Similar studies involving S. fuelleborni showed optimal development of larvae
between 23 and 25°C; eggs also hatched faster at higher temperatures
(23-40°C) compared to lower temperatures (10-11°C) where hatching
took 26—48h (Cordi and Otto, 1934). There was no mortality observed
at lower temperatures, and further investigation found that higher temper-
atures (>37°C) reduced long-term survivability, particularly of filariform
larvae. Temperatures of 11-16 °C resulted in slower development but lon-
ger life spans (27 days for 53% of larvae) while 05 °C was associated with a
reduced life span (2 days 24% survivability), and at 2325 °C the life span was
11 days for just over 50% of larvae tested (Cordi and Otto, 1934). As devel-
opment is faster at higher temperatures, infective filariform larvae need to
infect a new host rapidly. However, in temperate areas the larvae will remain
in the soil for a longer time which will impact on control and transmission
(Cordi and Otto, 1934). S. stercoralis has an optimal temperature range of
26-28°C for larval development (Sandground, 1925). The short survival
time of larvae in the external environment together with the maximum sin-
gle free-living generation ensures that the free-living stages survive less than
a month after faecal contamination of the environment. Transport of faecal
samples from remote locations to a central laboratory for routine diagnostic
testing of Strongyloides at high temperatures or when refrigerated will lead to
death of larvae present (Cordi and Otto, 1934). Experiments on resistance of
larvae to cold storage subjected 74 infected stool specimens to refrigeration
at 4 °C for 24, 48, and 72 h; 48.6%, 28.4% and 23%, respectively, of the spec-
imens retained some viable larvae on subsequent agar plate culture (Ines Ede
et al., 2011).

2.3 Diagnosis

The laboratory diagnosis of S. stercoralis can be difficult due to often low and
intermittent shedding of larvae in stool in chronic strongyloidiasis. The main
diagnostic procedures employed for S. stercoralis include anti-Strongyloides
IgG antibody serology and faecal testing. Testing of sputum and duodenal
fluid is rarely used. DNA testing of urine and blood is being investigated.

Faecal microscopy by experienced technicians 1s 100% specific. It has
low sensitivity in chronic strongyloidiasis but is useful in both acute stron-
gyloidiasis and hyperinfection where the larval output is high (de Kaminsky,
1993). Faecal parasite concentration methods such as formol-ether, Kato-
Katz and FLOTAC also yield poor diagnostic outcomes (Campo Polanco
et al., 2014; Knopp et al., 2014; Koga et al., 1990; Requena-Mendez
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et al., 2013; Steinmann et al., 2007). Baermann extraction and agar plate
copro-culture are the highest sensitivity non-nucleic acid faecal methods
currently available (Dreyer et al., 1996; Khieu et al., 2013; Knopp et al.,
2014; Steinmann et al., 2007). Most nucleic acid diagnostics to date have
focused on testing faeces (Tables 1 and 2). Both the Baermann technique
and the agar plate culture method isolate larvae of S. stercoralis and require
viable larvae in the faecal sample. With the Baermann technique, stool is
wrapped in gauze, suspended in a funnel that empties into a flask or a
clamped rubber tube, and the funnel is filled with water. The larvae exit
the faeces into the water and are collected from the funnel sediment over
24 h. If performed on fresh faeces, this technique will collect L1 and L2 rhab-
ditiform stage larvae (Lima and Delgado, 1961). In the agar plate culture
method, stool is placed in the centre of an agar plate which is sealed and
incubated at 26-38 °C for ~48h (Arakaki et al., 1988; Koga et al., 1990).
Extended incubation for up to 96h improves recovery (Ines Ede et al,
2011). The filariform larvae migrate from the stool mass into the outer por-
tion of the agar plate and are recognizable by the characteristic bacterial
‘tracks’ made on the agar surface. The unsealed plate can then be examined
under a light microscope for larvae; alternatively, fixative is added to the
plate to wash the surface of the plate, the liquid removed and the sediment
examined for larvae by microscopy. The Baermann technique is not used for
routine diagnosis in Australia, and the agar plate culture is rarely used because
of the risk of accidental infection of laboratory staff. For non-nucleic acid
faecal techniques, the examination of multiple stool samples markedly
improves yield (Dreyer et al., 1996; Hirata et al., 2007; Steinmann
et al., 2007).

The main barrier to using molecular diagnostics is the high cost, usually
associated with DNA extraction. Stool is a complex source of DNA, con-
taining many potential inhibitors to downstream molecular diagnosis and
these need to be removed during the DNA extraction process.
Nevertheless, molecular diagnostics provide a highly effective and easily per-
formed approach for the diagnosis of S. stercoralis and other parasitic worms
(Gordon et al., 2011; Pilotte et al., 2016; Verweij et al., 2009). The method
of DNA extraction method may influence the sensitivity of any PCR assay
(Sultana et al., 2013). In addition, there may be insufficient parasite DNA for
amplification, particularly where there is low larval output in chronic stron-
gyloidiasis. A nucleic acid test for Strongyloides has recently been developed
in an Australian diagnostics laboratory (Watts et al., 2014, 2019).



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or
HTLV-I disease location® Diagnostics Year Refs. Type of study
Parasites: Resident Strongyloides: Bronchoalveolar 2017 Hunter et al. Case study
Strongyloides lavage and duodenal and (2019)
colonic mucosa biopsies
HTLV-I: Serology (unclear)
Pagasites: Resident Strongyloides: Baermann 1993-1998 Botterel et al.  Case study
Strongyloides HTLV-I: Serology (unclear) (1998)
Parasites: 38.7% (624/1614)  23.9% (269/1126) Residents Strongyloides: Serology, stool 2000-2010 Einsiedel et al.  Hospital based
Strongyloides (111 HTLV-I +) microscopy (2014b)
Scabies 14.2% (152/1451) HTLV-I: EIA Murex, PA
HTLV-I 1D, (71 HTLV-I +) Serodia, WB, PCR.
HAM/TSP,
ATLL, Upveitis
Pagasites: 36.5% (307/840) Residents Strongyloides: Serology 2008-2013 Einsiedel et al.  Hospital based
Strongyloides [111 HTLV-I —; HTLV-I. EIA Murex, PA (2018)
Serodia, WB, PCR
Parasites: Residents Strongyloides: Serology 2008-2009 Einsiedel et al. ~ Targeted cohort
Strongyloides HTLV-I. WB (2016a)
Parasites: Residents Strongyloides: Larval detection  1993-2015 Mukaigawara  Retrospective
Strongyloides in sputum, faeces, other et al. (2018) review, hospital
samples based
HTLV-I: Serology (unclear)
Pagasites: Guinea Strongyloides: Stool culture, Schein et al. Case study
Strongyloides gastroduodenal biopsy, (2018)

Serology
HTLV-I: Serology (unclear),
Cervical biopsy

Continued



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.—cont'd

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or Geographical
HTLV-I disease  (p/n) (p/n) location* location Age (years) Diagnostics Year Refs. Type of study
Pagasites: 36 2.8% (1/36) Spain, South Spain 18-67 Strongyloides: Serology 2008-2015 Salvador et al.  Cross sectional
Strongyloides America, HTLV-I: ELISA IgG, CMIA (2017) study of blood
Africa, Asia [Abbott], Ab-capture ELISA donors
test system
Parasites: 1 1 South America New York 37 Strongyloides: Gastrointestinal Tariq et al. Case study
Strongyloides biopsy (2017)
HTLV-I: Serology (unclear)

Patasites: 1 1 Burkina Faso France 32 Strongyloides: Gastric fluid Malezieux- Case study
Strongyloides examination, duodenal biopsy Picard et al.
HTLV-I. ATLL HTLV-I: Serology (unclear) (2017)
Parasites: 1 1 Resident Peru 48 Strongyloides: Eosinophillia, Guevara Case study
Strongyloides family history, duodenal biopsy Miranda et al.
HTLV-I: ATLL HTLV-I: Serology (unclear) (2017)
Parasites: 7 positive, 7 not 18 (9 definitive) ~ Residents Australia 29-72 Strongyloides: Serology, stool 2000-2006 Einsiedel and ~ Retrospective
Strongyloides  determined, 4 (Alice microscopy Fernandes review, Hospital

negative Springs) HTLV-I: Serology (unclear) (2008) based
Patasites: 4.3% (1/23) 13.9% (10/72) Residents Australia 1>35 Strongyloides: Serology 2014-2015 Einsiedel et al.  Pilot survey
Strongyloides  [children] [6 HTLV-I +] (NT) HTLV-I EIA [Murex], PA 2016¢)

40.5% (30/74) [Serodia], WB, PCR.

[adults]
Parasites: 0% (0/1004) [slum] 21.9% (220/1004) Residents Bangladesh >15 Strongyloides: ELISA (IgG) Sultana et al. Prevalence survey
Strongyloides 0% (0/299) [city] [slum] HTLV-I. EIA [Murex] (2012)

5.0% (15/299)
[city]

Parasites: 1 1 Resident Japan 58 Strongyloides: Duodenum and Nakamura et al.  Case study
Strongyloides jejunum biopsy (2010)

HTLV-I: Antibody positive




Pagasites: 40.8% (176/431) n="717 (total no. Residents Japan Mean 62 Strongyloides: Agar plate culture 1991-2014 Higashiarakawa Targeted

Strongyloides  [81 Ss +] Ss +) HTLV-I: Unclear et al. (2017) Strongyloides
cohort, hospital
study

Patasites: 1 1 Ghana 34 Strongyloides: O&P (pos), Alpern et al. Case study

Strongyloides ELISA (2017)

HTLV-I: Previously diagnosed
Parasites: 1 1 Guinea Germany 53 Strongyloides: Stool microscopy Richter et al. case study
Strongyloides HTLV-I: Serology (unclear), (2005)

PCR
Pagasites: 1 1 West Indies, UK 59 Strongyloides: Stool microscopy, Rahim et al. Case study
Strongyloides Caribbean rectal biopsy (2005)

HTLV-I: Serology (unclear)
Payasites: 1 1 Resident Brazil 27 Strongyloides: Spermatogram Porto et al. Case study
Strongyloides (unusual presentation), urine (2005b)

and stool examination

HTLV-I. WB, ELISA

[Genzyme]
Payasites: — 1.4% (51/3752)  Resident Dominica Strongyloides: Faecal 1999 Adedayo and Retrospective
Strongyloides examination (wet mounts) Nasiiro (2004)
(and other HTLV-I: Not identified in this
helminths) study, study area endemic for

HTLV-I
Parasites: 1 1 Resident India 24 Strongyloides: Stool Patel et al. Case study
Strongyloides examination, biopsy (2015)

duodenum

HTLV-I: Unclear

Continued



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.—cont'd

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or Geographical
HTLV-I disease  (p/n) (p/n) location” location Age (years) Diagnostics Year Refs. Type of study
Parasites: 1 1 Resident Japan 47 Strongyloides: Duodenal biopsy, Satoh et al. Case study
Strongyloides stool microscopy (2003)

HTLV-I. PA, IF
Parasites: 1 1 Haiti (born) France 10 Strongyloides: Stool microscopy 1997 Gabet et al. Case study
Strongyloides, HTLV-I. WB (2003)
other STH
HTLV-I. ID
Pagasites: - 4% (708/17,660) Resident Guadeloupe Strongyloides: Baermann, wet 1991-2003 Nicolas et al. Retrospective
Strongyloides, mount, Bailenger (2006)
P concentration

HTLV-I: Not identified, area

endemic for HTLV-I
Patasites: 1 1 Resident Japan 75 Strongyloides: Sputum, stool 2000 Mitsunaga et al. Case study
Strongyloides microscopy (2003)

HTLV-I: Antibody test
Parasites: 1 1 Resident Brazil 53 Strongyloides: Gastric biopsy, Lambertucci Case study
Strongyloides stool microscopy et al. (2003)

HTLV-I: ELISA, WB
Parasites: 22.1% (66/298) 66.7% (18/27) Dominica USA 9-89 Strongyloides: Stool microscopy 1995-1999 Adedayo et al.  Retrospective,
Strongyloides 18.5% (5/27) Mean 56 ~ HTLV-I. ELISA, WB (2003) hospital based
Scabies
Parasites: 1 1 Sierra Leone USA 32 Strongyloides: unclear Luca et al. Case study
Strongyloides HTLV-I: Serology (unclear) (2003)
HTLV-I. TSP,
ATLL
Parasites: 74.47% (35/47) 47 Resident Peru (10=)50  Strongyloides: Stool culture 1990-1998  Terashima et al. Retrospective of
Strongyloides HTLV-I: ELISA, WB (2002) previously Ss

+individuals




Pagasites: 34 n=50 Resident Japan 30-79 Strongyloides: stool culture 1998-1999 Zaha et al. Drug efficacy study

Strongyloides HTLV-I: Antibody detection (2002)

(unclear)
Pagasites: 32 n=79 Resident Japan 65-1£11-6 Strongyloides: ELISA 1994 Satoh et al. Drug efficacy study
Strongyloides M] HTLV-I: PA [Serodia] (2002)

66-7+£8-73
[F]

Parasites: 1 1 Resident Dominica 45 Strongyloides: Stool microscopy Adedayo et al.  Case study
Strongyloides (West Indian) HTLV-I. WB (2001)
Parasites: 27 n=67 Resident Brazil Strongyloides: Stool microscopy, Porto et al. Retrospective
Strongyloides serology (IgE, IgG), skin test (2001b) previously

HTLV-I: ELISA, WB diagnosed

Strongyloides or
HTLV-I
Patasites: 119/238 31.1% (37/199)  Resident Guadeloupe  18-65 Strongyloides: serology (IF) Courouble Blood donors
Strongyloides HTLV-I. CMIA [Abbott], WB et al. (2000)
Parasites: n=91 (previously  12.1% (11/91) Resident Brazil Strongyloides: Faecal Chieffi et al. Blood donors
Strongyloides  identified) HTLV-I + sedimentation, Baermann, (2000)
n=061 (healthy) 1.6% (1/61) Harada-Mori
HTLV-I — HTLV-I. ELISA, WB

Pagasites: 1 1 Togo (West Canada 40 Strongyloides: Duodenal biopsy Isotalo et al. Case study
Strongyloides, Africa) HTLV-I: Serology (unclear) (2000)
Giardia
Parasites: 29.4% (62/211) n=211 Resident Japan 38-86 Strongyloides: Formalin-ether Toma et al. Drug efficacy
Strongyloides concentration, Harada-Mori, (2000)

agar plate

HTLV-I. 1A [Serodia]

Continued



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.—cont'd

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or Geographical
HTLV-I disease  (p/n) (p/n) location” location Age (years) Diagnostics Year Refs. Type of study
Pagasites: 1 1 Jamaica USA 40 Strongyloides: Small bowel Friedenberg Case study
Strongyloides biopsy et al. (1999)

HTLV-I: Antibody positive

(unclear)
Parasites: 58.54% (24/41) 32.35% (11/34)  Resident Martinique 18-88 Strongyloides: Baermann Agape et al. Clinicopathological
Strongyloides HTLV-I: ELISA, WB (1999) study
HTLV-I. ATLL
Parasites: 24.04% (25/104) 79.81% (83/104) Resident Peru Strongyloides: Baermann, Gotuzzo et al.  Retrospective
Strongyloides sputum (1999)

HTLV-I. ELISA, WB
Parasites: 1 1 Resident France 58 Strongyloides: Duodenal biopsy Ribier et al. Case study
Strongyloides HTLV-I: Serology (unclear) (1999)
Parasites: 37.35% (31/83) 69.88% (58/83)  Resident Brazil Strongyloides: Faecal Neva et al. Targeted cohort
Strongyloides microscopy, ELISA, skin test (1998)

HTLV-I: CMIA [Abbott], WB
Pagasites: 1 1 Resident Japan 70 Strongyloides: Duodenal biopsy 1994 Nonaka et al.  Case study
Strongyloides HTLV-I: Serology (unclear) (1998)
Patasites: 1 1 Resident Japan 73 Strongyloides: Sputum Oya et al. Case study [Article
Strongyloides HTLV-I: Unclear (1998) in Japanese, unable

to translate]

Pagasites: 1 1 Resident Japan 75 Strongyloides: Stool and sputum 1982 Higashiyama Case study
Strongyloides smear et al. (1997) article in Japanese

HTLV-I: Serology (unclear)
Parasites: N=38 50% (19/38) Resident Martinique Strongyloides: Baermann 1983-1995 Plumelle et al.  Retrospective
Strongyloides HTLV-I: Unclear (1993, 1997)

HTLV-I. ATL




Pagasites: 23.01% (310/1347)  21.90% Resident Japan 22-89 Strongyloides: Stool microscopy, 1992 Hayashi et al.  Clinical, targeted
Strongyloides (295/1347) Agar plate (1997) cohort

HTLV-I: PA, ELISA, WB
Parasites: 43.0% (116/270) 35.4% (73/206)  Residents Australia Means Strongyloides: Serology (unclear) 2001-2005 Einsiedel and Retrospective
Strongyloides (Alice 44-57 HTLV-I: Serology (unclear) Woodman

Springs) (2010)

Parasites: 1 1 Resident Japan 52 Strongyloides: Unclear, 1995 Hiroyasu et al. ~ Case study
Strongyloides previously diagnosed (1996)
HTLV-I. ATLL HTLV-I: Serology (unclear)
Patasites: n=12 16.67% (2/12) West Indies UK 28-63 Strongyloides: Serology, stool 1988-1993 Hoque et al. Case studies
Strongyloides examination (1996)
HTLV-I. ATLL HTLV-I. PA [Serodia],

WB, EIA
Parasites: HTLV-I=26 50% (13/26) Resident France 23-95 Strongyloides: Baermann 1983-1991 Plumelle and Retrospective case
Strongyloides ~ HIV=98 (10 also  10.20% (10/98) HTLV-I: Unclear Edouard (1996) = studies
+HIV had HTLV)
HTLV-I: ATLL
Patasites: 1 1 West Indies UK Strongyloides: Duodenal and Shidrawi et al.  Case study
Strongyloides rectal biopsy (1994) and

HTLV-I: Serology Shidrawi and

Westaby (1994)

Payasites: 1 1 French France 44 Strongyloides: Stool examination 1986—1992 D’Incan et al.  Case study
Strongyloides Caribbean (unclear) (1994)

HTLV-I: Serology
Parasites: n==6 50% (3/6) Resident Columbia 17-60 Strongyloides: Stool examination 1988-1991 Blank et al. Case studies
Strongyloides (only if symptoms) (1993)
HTLV-I: ATLL HTLV-I. CMIA [Abbott],

PA, IF

Continued



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.—cont'd

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or Geographical
HTLV-I disease  (p/n) (p/n) location” location Age (years) Diagnostics Year Refs. Type of study
Parasites: 1 1 West Indies France 35 Strongyloides: Gastroscopy, stool  1982-1988  Patey et al. Case study
Strongyloides examination (1992)
HTLV-I. ATLL HTLV-I: ELISA, PA, WB
Parasites: 1 1 Resident Senegal 31 Strongyloides: Sputum, stool 1993 Sane et al. Case study
Strongyloides examination (1994)

HTLV-L ELISA, WB
Parasites: 33.72% (29/86) 13.41% Resident Japan 15 to >70  Strongyloides: Agar plate culture Arakaki et al. Epidemiological
Strongyloides (Ss +) (142/1059) HTLV-I. PA (1992a)

28.97% (104/359)
(Ss =)

Parasites: 1 1 West Indies USA 45 Strongyloides: Bowel biopsy, 1897 Newton et al.  Case study
Strongyloides 6 Ss — sputum, serology (IgG, IgE), (1992)

skin test

HTLV-I: ELISA, WB
Parasites: 0 1 Guyana USA 47 Strongyloides: Stool 1987 Phelps et al. Case study
Strongyloides examination, sputum, vomitus (1991)
HTLV-I: ATLL HTLV-I: Autopsy
Pagasites: 1 1 Resident French 40 Strongyloides: Stool examination 1989 Sainte-Foie and  Case study
Strongyloides Guiana HTLV-I: ELISA, WB Ast-Ravallec

(1991)

Parasites: 1 1 Japan USA 52 Strongyloides: Stool examination 1987 Massey et al. Case study
Strongyloides + HTLV-I. EIA (1990)
Isospora
HTLV-I: ATLL
Parasites: 1 1 Resident Japan 43 Strongyloides: Sputum, stool 1988 Udaka et al. Case study
Strongyloides HTLV-I: Serology (unclear) (1990)




Pagasites: 1 1 French West France 32 Strongyloides: Stool 1988 Patey et al. Case study
Strongyloides Indies examination, IDA (1990)
HTLV-I. ELISA, WB
Pagasites: 1 1 Resident Japan 80 Strongyloides: Sputum, stool Furuya et al. Case study
Strongyloides examination (1989)
HTLV-I: Serology (IgE)
Parasites: 4 4 Japan USA 57-71 Strongyloides: Stool microscopy, >1961 Dixon et al. Case studies
Strongyloides (Hawaii) gastric aspirate, bowel biopsy (1989)
HTLV-I. ATL (postmortem)
HTLV-I: ELISA, WB
Parasites: 11.85% (562/4741) 23 (11 with Residents Japan 16-89 Strongyloides: unclear 1980-1984 Hanada et al. Epidemiological
Strongyloides  [healthy residents] ~HTLV) HTLV-I. ELISA, IF, WB (1989)
8.37% (196/2296)
[blood donors]|
66.12% (203/307)
[haematological
diseases]
29.24% (422/1443)
[other diseases]
Pagasites: 73.63% (67/91) n=91 Residents Japan 33-85 Strongyloides: Stool 1985-1986  Sato and Retrospective
Strongyloides  (Ss +) examination, ELISA (IgG) Shiroma (1989)
HTLV-I. ATLL 2.63% (1/38) (Ss —) HTLV-I: PA [Serodia], ELISA
61.54% (32/52)
(prior Ss)
Pagasites: 1 1 Dominican USA 37 Strongyloides: Stool examination Cappell and Case study
Strongyloides + Republic HTLV-I: ELISA Chow (1987)
Giardia
HTLV-I. ATLL
Patasites: 70.83% (17/24) n=27 Resident Dominica, 26-91 Strongyloides: Stool examination 1995-1999 Adedayo et al.  Retrospective

Strongyloides

West Indies

HTLV-I: ELISA, WB

(2002)

Continued



Table 2 Co-infections of HTLV-I and Strongyloides stercoralis infection world-wide.—cont'd

Co-morbidity/ HTLV-I prevalence % Parasite prev. % Status or Geographical
HTLV-I disease (p/n) (p/n) location” location Age (years) Diagnostics Year Refs. Type of study
Patasites: 1 1 Africa France 21 Strongyloides: Previously 1988-1990 Visy et al. Case study
Strongyloides diagnosed (1993)
HTLV-I. ATLL HTLV-I: ELISA, WB
Pagasites: 38.89% (14/36) n=36 Resident Japan 30-91 Strongyloides: Stool examination Nakada et al. Targeted cohort
Strongyloides (Okinawa) HTLV-I: IF, pro-viral DNA (1987)

detection
Parasites: 50% (15/30) 53.33% (16/30)  Resident Japan Strongyloides: Agar plate culture Kakazu et al. Comparative
Strongyloides HTLV-I: PA (1996) (H, Ss, HTLV-I

—ve & +)

Parasites: 1 1 Resident Martinique 57 Strongyloides: Stool examination 1972-1983  Gessain et al. Case study
Strongyloides HTLV-I: ELISA, WB (1985)
Parasites: 54.71% (122/223)  11.06% Resident Japan 10 to >40  Strongyloides: Agar plate culture 1988-1990 Arakaki et al. Survey
Strongyloides (701/6339) HTLV-I. PA (1992b)
Pagasites: 2 2 Resident Guadeloupe 61, 64 Strongyloides: Stool examination 1992 Foucan et al. Case studies
Strongyloides HTLV-I: Serology (unclear) (1997)
Parasites: 2 1 (Ss) Resident Peru 62; 70 Strongyloides: Baermann Barros et al. Case studies
Scabies, 1 (Ses+ Ss) Strongyloides: Stool examination (2012)
Strongyloides, HTLV-I: EIA
Entamoeba

histolytica
HTLV-I. ATLL




Pagasites: n=82 n=53 Resident Japan Previously diagnosed 1984-1985 Barros Kanzaki  Sero-

Strongyloides (2006) epidemiological-
targeted cohort

Parasites: 1 1 Morocco France 24 Strongyloides: Stool examination 1994 Dupin et al. Case study

Scabies, HTLV-I: Unclear (1997)

Strongyloides

HTLV-I. ATLL

Parasites: 1 1 Peru Italy 35 Strongyloides: Stool microscopy 2014 Zammarchi Case study

Strongyloides HTLV-I. CMIA [Abbott] et al. (2015)

Parasites: 0.98% (4/409) 0.24% (1/409) Ss Residents Australia 2-91 years  Strongyloides: Not stated 1999-2016 Smith et al. Retrospective

Strongyloides 3% (14/409) Scs (FNQ) HTLV-I: PA [Serodia], EIA (2019) review hospital

Scabies [Murex]|, CMIA [Abbott] cases

Parasites: 44.9% (22/49) 81.63% (40/49)  Residents Peru Strongyloides: Baermann 2005-2007 Montes et al. Targeted cohort

Strongyloides [27 HTLV-1+ Ss| HTLV-I: ELISA, WB (2009)

FNQ, Far North Queensland; QLD, Queensland; WA, Western Australia; NT, Northern Territory; NSW, New South Wales; PA, particle agglutination; WB, Western Blot; EIA, immunoassay; ELISA, enzyme linked immunosorbant assay; PCR, polymerase

chain reaction; CMIA, chemiluminescent microparticle immunoassay; Ss, S. stercoralis; Scs, Sarcoptes scabiei.
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The sensitivity of serological diagnosis for strongyloidiasis varies
depending on the test used. Various antigens have been employed, including
crude larval extracts of S. stercoralis and S. ratti and a S. stercoralis recombinant
antigen (NIE) (Bisoffi et al., 2014). Comparison of three in-house (immu-
nofluorescence antibody fest IFAT), NIE-ELISA, NIE-luciferase immuno-
precipitation systems (NIE-LIPS)) and two commercial (Bordier-ELISA,
IVD-ELISA) diagnostic assays, using faecal microscopy as the initial standard
and a combination of results from all tests as a second standard, showed that
the sensitivity of many of the serological procedures was quite low (Bisofti
et al., 2014); and varied between studies (Requena-Mendez et al., 2013).
The NIE-ELISA had the lowest sensitivity ranging from 70.77% to 75.44%
depending on the standard used, followed by NIE-LIPS (83.85—-85.09%),
IFAT (93.86—94.62%), with the two commercial kits having sensitivities of
91.23-92.31% for the IVD-ELISA and 89.47-90.77% for the Bordier-
ELISA (Bisoffi et al., 2014). Another study reported on the development
of'an in-house ELISA (AMC-ELISA) and a dipstick assay, which were com-
pared to the commercial IVD-ELISA and Bordier-ELISA. Sensitivity was
relatively low in both the IVD and Bordier-ELISAs (89% and 83%, respec-
tively); the best performing test was the AMC-ELISA with a sensitivity of
93%. Specificity was high (>95%) in all tests (van Doorn et al., 2007). In
Australia, routine serology is available using the Bordier-ELISA, the
IVD-ELISA or the in-house ELISA with similar sensitivity to the two
commercial kits.

Serological false negatives can occur in those with acute strongyloidiasis,
newly infected individuals who have not yet mounted an immune response,
and have been reported in cases of disseminated strongyloidiasis and hyper-
infection where immunity is compromised (Marcos et al., 2011; Page and
Speare, 2016). Specificity can be aftected by cross-reactivity with some other
parasite species (Bisoffi et al., 2014; Norsyahida et al., 2013) but as only
Toxocara and Fasciola are endemic in Australia, therefore cross-reactivity is
a consideration in the testing of immigrants and returned international trav-
ellers but 1s unlikely to be a problem for those Australians who have not trav-
elled overseas.

2.4 Strongyloides stercoralis in Australia

Since 1976 there have been 83 published articles reporting on S. stercoralis
infection prevalence/incidence in Australia, of which 52 were conducted
on residents of Australia; 24 were on refugees, immigrants and returned
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travellers; and 7 were on returned services personnel, including former pris-
oners of war (POWs) and members of peace-keeping forces (Table 1).
There was some overlap in some of the reports on infections in residents,
immigrants and Australian Defence Force (ADF) personnel in the same
paper. Of the 64 papers published on S. stercoralis infection, 17 indicated
co-infection with HTLV-I (Table 1). The majority of articles (totalling
45) citing data on Australian residents involved Indigenous Australians,
while some studies did not specify the target group (Table 1).

3. HTLV-I background

HTLV-I was the first retrovirus to be identified and was isolated in the
late 1970s (Gallo, 2005). However, two manifestations of HTLV-I had been
observed prior to its isolation; a myelopathy known as tropical spastic par-
aparesis (TSP) and aleukaemia known as Adult T-cell leukaemia/lymphoma
(ATLL) or cutaneous T-cell lymphoma (Satoh et al., 1991). Two types of
HTLV exist and are known as HTLV-I and HTLV-II. A third type,
HTLV-III, often referred to in earlier articles as the causative agent of
AIDS, is now recognized as the human immunodeficiency virus (HIV)
(Abe, 1986; Bayley et al., 1985). HTLV-II is considered less pathogenic than
HTLV-I and is rarely associated with human disease; it has been associated
with myelopathy but not with leukaemia (Dooneief et al., 1996; Harrington
Jr. etal., 1993; Hjelle et al., 1992; Jacobson et al., 1993; Murphy et al., 1997;
Sheremata et al., 1993).

3.1 Disease caused by HTLV-I

The majority (>90%) of HTLV-I-infected persons are asymptomatic car-
riers, although there are some immunological differences in these carriers
compared with healthy controls (see Section 5) (Robinson et al., 1994;
Satoh et al., 1991). HTLV-I can increase susceptibility to other pathogens,
including respiratory and urinary tract infections, and cause sexual compli-
cations such as erectile disruption (de Oliveira et al., 2017; Oliveira et al.,
2007; Rocha et al., 2007). It also increases the severity of strongyloidiasis
and can lead to dissemination and hyperinfection as there are increased levels
of pro-inflammatory cytokines and decreased levels of anti-inflammatory
cytokines in individuals infected with HTLV-I (Banerjee et al., 2007;
Futsch et al., 2018). It is noteworthy that strongyloidiasis itself may also
increase the severity of HTLV-I-induced disease as S. stercoralis infection
results in reduced levels of pro-inflammatory cytokines and increased levels
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of anti-inflammatory cytokines (Anuradha et al., 2015; Robinson et al.,
1994; Satoh et al., 1991).

There are two main disease states recognized in HTLV-I-infected indi-
viduals that seroconvert and exhibit clinical symptoms—adult T-cell leukae-
mia/lymphoma (ATLL) and HTLV-I associated myelopathy/tropical spastic
paraparesis (HAM/TSP). ATLL, which has acute, chronic, lymphomatous,
and smouldering forms, is the most common disease state associated with
HTLV-I. ATLL is a haematological malignancy that predominantly affects
CD4" T-cells, although pro-viral DNA is also detectable but to a lesser extent
in CD8" T-cells, B cells, dendritic cells, and monocytes (Gross and Thoma-
Kress, 2016; Koyanagi et al., 1993). The acute form occurs in ~50% of ATLL
cases and is characterized by fever, lymphadenopathy and opportunistic infec-
tions. The average life-expectancy of an individual with acute ATLL is
6 months (Alves and Dourado, 2010). Chronic ATLL occurs in ~20% of cases
and can remain dormant for years before suddenly transforming into the acute
form. A further 20% of those infected develop the lymphomatous form which
primarily occurs in solid lymphoid tissue, and ~5% develop the smouldering
subtype which is characterized by abnormal lymphocytes in the peripheral
blood. Symptoms of ATLL include fatigue, rash, enlarged lymph nodes
and hypercalcaemia, which can lead to confusion, bone pain and severe con-
stipation (Alves and Dourado, 2010).

HAM/TSP affects the central nervous system and, prior to the link to
HTLV-I being established, was known solely as tropical spastic paraparesis
(TSP). It is characterized by demyelination of grey and white matter, and
increasing atrophy of the spinal cord presenting as back pain, progressive
weakness, stiffness and leg pain, and mild cognitive impairment (Taniguchi
et al.,, 2017). Urinary disturbance or incontinence is also observed with
HAM/TSP (Matsuura et al., 2016). HAM/TSP can progress rapidly
(<2 years) or quite slowly (>15 years) and significantly impacts on an infected
patients’ ability to walk (Matsuura et al., 2016).

HTLV-I-associated disease in children may present atypically, although
both ATLL and HAM/TSP have been reported. More common in children
infected with HTLV-I is infective dermatitis (ID) which is often recurrent,
but can also occur in adults; skin manifestations are also common in ATLL
(Clyti et al., 2004; Gabet et al., 2003; Menz et al., 2018) (Table 2). ID in
children may be associated with the early development of ATLL
(Oliveira et al., 2018) and is characterized by severe recurrent eczematous
skin change, distinguishable from infant eczema. As well as an early indicator
of HTLV-I infection, ID can also be a sign of leukaemia (Trope and
Lenzi, 2009).
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Due to the immunosuppressive aspects of HTLV-I, patients are at risk of
opportunistic infection with a range of bacterial, viral, and parasitic infec-
tions, even if their HTLV-I status is considered asymptomatic (Tanaka
et al., 2015). For example, cytomegalovirus (CMV) gastritis, Prneumocystis,
strongyloidiasis hyperinfection, pulmonary histoplasmosis, cryptococcal
meningitis, and disseminated herpes zoster are more severe in HTLV-I-
infected individuals (Agut et al., 1988; Bonin et al., 2010; Boulos et al.,
1992; Chang et al., 1998; Einsiedel et al., 2014a, b; Figueiro-Filho et al.,
2007; Foucan et al., 1997; Fujii et al., 1993; Gallo, 1988; Guo et al., 2015;
Higashiyama et al., 1997; Honarbakhsh and Taylor, 2015; Mukerjee et al.,
2003; Riedel et al., 2008; Satoh et al., 2003; Sugiura et al., 2006; Tanaka
et al., 2015; Troncoso Garcia et al., 2000; Wang et al., 2014). Bacterial
meningitis is a particularly common occurrence in case studies of
HTLV-I (Foucan et al.,, 1997; Funakawa et al., 1993; Furuya et al.,
1989; Higashiyama et al., 1997; Hovette et al., 2002; Kawano and Kira,
1995; Phelps et al., 1991; Riedel et al., 2008; Saito et al., 1988; Sasaki
et al., 2013; Satoh et al., 2003; Schein et al., 2018; Sugiura et al., 2006;
Tanaka et al., 2015; Troncoso Garcia et al., 2000; Yokota et al., 1988;
Zammarchi et al., 2015).

In community-wide studies in Japan the majority of individuals infected
with HTLV-I were older than 50 years, possibly indicating an increase in the
cumulative risk of infection over time (Hirata et al., 2006; Nakada and
Knight, 1984). It may also be representative of the fact that while the major-
ity of people become infected as infants via breastmilk, it can take decades
before the disease state develops (Matsuura et al., 2016). Additionally due to
interventions against breast feeding among HTLV-I-positive mothers there
has likely been an overall decrease in the occurrence of new infections there.

3.2 Transmission

HTLV-I predominantly exists in a pro-viral state. As a single-stranded RNA
(ssRNA) virus, HTLV-I is converted to double-stranded DNA (dsDINA)
and inserts itself into the cell nuclear DNA (Grassi et al., 2011; Verdonck
et al., 2007). HTLV-I viral load in blood is comparatively low compared
with the closely related HIV virus. Unlike HIV, which utilizes this high cir-
culating viral load to infect T-cells, HTLV-1 infects T-cells using a ‘viral
synapse’, facilitating direct cell-to-cell infection and by mitotic division of
cells. The pro-viral load determines HTLV-I infection outcomes. In
‘asymptomatic’ HTLV-I-infected individuals the pro-viral loads remain sta-
ble while those who go on to develop symptomatic infections have higher



40 Catherine A. Gordon et al.

pro-viral loads (Einsiedel et al., 2016a; Grassi etal., 2011; Primo etal., 2009).
Higher HTLV-I pro-viral loads are associated with bronchiectasis and blood
stream infections in Australian Aboriginals (Einsiedel et al., 2016a).
Co-infection with S. stercoralis has also been associated with higher pro-viral
loads (Gillet et al., 2013). There was an increase in the clonal population of
HTLV-I-infected cells in those infected with S. stercoralis compared with
those who were uninfected but asymptomatic for HTLV-I; however, the
highest pro-viral loads were evident in those manifesting ATLL without
S. stercoralis infection (Gillet et al., 2013). There is no retroviral treatment
for HTLV-I or HTLV-II (Futsch et al., 2017; Pasquier et al., 2018).

Transmission of HTLV-I occurs via breast feeding, transfusions with cel-
lular blood products, or through sexual contact. The rate of infection via sex-
ual contact varies from male to female, with females much more likely (40%)
to be infected by male partners than the other way around (Bandeira et al.,
2018; Kajiyama et al., 1986). In Japan, pregnant women in hyper-endemic
areas are screened to prevent HTLV-I transmission to children via breast milk
(Hino et al., 1985, 1986, 1987a, b; Sugiyama et al., 1986).

The primary source of HTLV-I virus in breast milk is infected T-cells
present in the breast milk, rather than cell-free viral particles which have
not been detected (Li et al., 2004). HTLV-I-infected lymphocytes are a
strong candidate for breast milk transmission with breast-fed children
ingesting an estimated 10° lymphocytes per day (Kinoshita et al., 1984,
1987; Percher et al., 2016). Other cells that can be infected and are also
found in breast milk are macrophages and skin epithelial cells (Percher
et al., 2016).

HTLV-I infection occurs in temperate as well as in tropical and subtrop-
ical zones. As it is transmitted person-to-person there are no environmental
factors, such as high temperature, preventing transmission.

3.3 Diagnosis

HTLV-I infection is primarily diagnosed by antibody detection in blood or
cerebrospinal fluid, although polymerase chain reaction (PCR) diagnosis is
also used (Thorstensson et al., 2002); diagnosis of ATL and HAM/TSP is
usually made based on observed symptoms (NORD, 2019). There are sev-
eral commercially ELISA-based test kits available for HTLV-I diagnosis
(Abbott, 2019; annardx, 2019; Fujirebio, 2019). Western blotting (WB)
is primarily used as a confirmatory test after a positive result by ELISA or
other serological test (Tables 1 and 2).
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There is no commercially available diagnostic PCR for HTLV-I, but
there are several in-house assays that have been used in conjunction with
the immunoassays. Quantitative real-time PCR (qPCR) is particularly use-
ful for determining the pro-viral load of HTLV-I in infected individuals,
which may be important for determining the change from an asymptomatic
infection to symptomatic disease (i.e., ATLL or HAM/TSP) (Gabet et al.,
2000). Digital droplet PCR (ddPCR), a fully quantitative method, has also
been used for determining pro-viral loads (Hedberg et al., 2015; Thulin
Hedberg et al., 2018).

A comparison of a specific PCR with commercially available immuno-
diagnostics (ELISA, WB) found that all techniques had high sensitivity for
detecting HTLV-I infection, although PCR and WB had low sensitivity for
HTLV-II (Thorstensson et al., 2002). A more recent study compared the
performance of four commercially available kits, with WB used as the initial
screening measure and gold standard, with PCR confirmation for
WB-indeterminate samples (da Silva Brito and Santos, 2018). The kits tested
were three ELISA assays, and one chemiluminescence microparticle immu-
noassay (CMIA) (da Silva Brito and Santos, 2018). All tests exhibited 100%
sensitivity while specificity varied. Specificity was highest for SYM and Gold
ELISA (REM, 2020) (>>99.5%), followed by Abbott/Architect (98.1%), and
then Murex (92%) (da Silva Brito and Santos, 2018).

3.4 HTLV-l in Australia

Autochthonous cases of HTLV-I in Australia have primarily been reported
in remote Aboriginal communities in Central Queensland (CQ), Far North
Queensland (FNQ) the Northern Territory (NT), and Northern Western
Australia (WA) (Table 1, Figs. 2 and 3). In FNQ, serological testing for
HTLV-Iincreased markedly from 1999 (<5 tests) to 2016 (>120 tests), with
the most significant increase occurring between 2015 (<40 tests) and 2016
(Smith et al., 2019), indicating an increased awareness of HTLV-I in
FNQ. A total of 27 papers describing HTLV-I infection or case studies
were reported from Australia; of these 17 reported co-infections with
S. stercoralis (Table 1). In the last 10 years (2010-2019) there have been
20 studies reporting on strongyloidiasis or HTLV-I in Australia; only
two identified co-infections and five identified HTVL-I only (Table 1).

The Australian Red Cross began testing all cellular products for
HTLV-I in 1992 (Whyte, 1993, 1997), and has only recently switched
from testing every blood donation for HTLV-I to only testing new blood
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Fig.2 Geographical locations of identified Strongyloides stercoralis and HTLV-I cases and
prevalence studies undertaken in Australia (1976—2019), based on data from Table 1.

donors (Styles et al., 2018). In the 2004—2014 period the prevalence of
HTLV-I among blood donors was 3 in every million donations;
HTLV-I testing costs $3 million annually (Styles et al., 2017). Internal data
of'the Red Cross estimated HTLV-I prevalence to be 1 in 75 million blood
donations, and new donor testing was considerably less expensive at
$225,000 annually than testing all blood donations (Styles et al., 2017).
Focal areas of HTLV-I transmission in remote communities in Australia
are often >1000km away from a blood donation centre, reducing the like-
lihood of blood donations from endemic areas (Styles et al., 2017) (Fig. 2).
The infection rate of HTLV-I in blood donation recipients has been pre-
viously calculated as 27%, and, more recently, at 60% seroconversion via
blood transfusions (Ikeda et al., 1998; Whyte, 1997); therefore not
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Fig. 3 HTVL-l and Strongyloides stercoralis infections published in Australia from 2010
to 2019.

everyone treated with HTLV-I-contaminated blood products would be
infected, but some risk remains (Whyte, 1997). While the prevalence of
HTLV-Iin Australia blood donors is low, targeted testing of donors at risk
of contracting HTLV-I infection each time they donate may be beneficial
to further safeguard the Australian blood supply given HTLV-I infection
can have the very severe consequences described, including death.

In May 2018 the Australian Federal Government pledged 8 million dollars
(AUD) for research on communicable diseases in Aboriginal populations with
a focus on HTLV-I (Australian Government Department of Health, 2018).
The communique from the Collaborative Human T-Lymphotropic Virus
Type-1 Forum held in August 2018 reaffirmed the ‘importance of
Aboriginal leadership in this process’ (HTLVAware, 2018).
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4. HTLV-I co-infections with Strongyloides stercoralis

As indicated earlier, HTLV-I and S. stercoralis infections in Australia
occur in three main cohort groups. The first compromises refugees and immi-
grants (Chan et al., 2018; Chaves et al., 2009; de Silva et al., 2002; Einsiedel
and Spelman, 2006; Ford et al., 1981; Grant and Tiong, 2018; Gurry et al.,
2015; Lim and Biggs, 2001; Mukerjee et al., 2003; Ngo et al., 2018; Paxton
etal., 2012; Prociv and Adkins, 1987; Rice et al., 2003; Sampson and Grove,
1987; Zubrinich et al., 2019); the second is Aboriginal Australians in remote
areas who acquire HTLV-I and S. stercoralis locally (Einsiedel et al., 2013,
2014b, 2016a, c, 2018; Einsiedel and Fernandes, 2008; Einsiedel and
Woodman, 2010; Smith et al., 2019); and the third are returned service per-
sonnel who served overseas (Grove, 1980; Heath et al., 1996; Kennedy et al.,
1989; Mukerjee et al., 2003; Oliver et al., 1989; Pattison and Speare, 2008;
Rahmanian et al., 2015; Yiannakou et al., 1990) (Table 1). Returned travel-
lers who have travelled to endemic areas and become infected make a fourth,
smaller infection cohort (Einsiedel and Spelman, 2006; Heath et al., 1996)
(Table 1).

There are several subtypes of HTLV-I, with subtype ¢ the primary viral
subtype in Australia, Papua New Guinea, the Solomon Islands and Vanuatu
(Cassar et al., 2013; Verdonck et al., 2007). Phylogenetic analysis of HTLV-I
from individuals presenting to Alice Springs hospital in Central Australia
identified at least two clades of subtype ¢ present in Australia (Cassar
et al., 2013). The analysis was based on sequencing the LTR, gag, and tax
regions of HTLV-I of 19 individuals, and whole genome sequencing for
4 individuals. These were compared to other available HTLV-I sequences,
and four sequences from Vanuatu were also examined in this study. The
Australian sequences were distinct from the Vanuatu and Papua New
Guinea/Solomon Island clades (Cassar et al., 2013). HTLV-I in Australia
originated from ancient human migration. The development of the two
Australian clades is likely due to continued evolution of the virus in isolated
groups of Indigenous Australians in remote regions of Central Australia.
HTLV-Iin Australia is associated with respiratory disease including bronchi-
ectasis; although the causal relationship is not definitive, those who develop
bronchiectasis have very high viral loads of HTLV-I (Einsiedel et al., 2012,
2014b, 2016a, 2018; Honarbakhsh and Taylor, 2015).

Estimating the true infection prevalence of S. stercoralis in Australia is
challenging due to differences in diagnostic recording in hospitals, and a lack
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of community-wide prevalence-based studies. Scrutiny of the literature rev-
ealed only one paper reporting on both HTLV-I and Strongyloides in Central
Australia that fits the requirement of a community survey; 40% (30/74) of
those tested were positive for HTLV-I and 14% (10/72) were positive for
S. stercoralis (Einsiedel et al., 2016c). All other studies published to date
showing infection with HTLV-I and S. stercoralis are based on retrospective
targeted hospital-based cohorts or case studies (Table 1). Since 1976, 64 arti-
cles recorded S. stercoralis infections in Australia; 17 papers also diagnosed
co-infection with HTLV-I; and 11 reported HTLV-I infection alone
(Table 1). There is a lack of diagnostic testing of S. stercoralis in cases where
HTLV-I is identified and vice versa; as remote communities in the North of
Australia are endemic for both pathogens it is important to diagnose individ-
uals harbouring co-infections. As previously mentioned, co-infection with
HTLV-I can cause hyperinfection and dissemination of S. stercoralis which
can result in death if not appropriately treated. A retrospective study
(2000-2006) from Alice Springs hospital in central Australia identified
18 cases of probable complicated strongyloidiasis, 9 were determined as def-
inite strongyloidiasis and 9 as probable strongyloidiasis; 11 cases were tested
for HTLV-I with seven proving positive (Einsiedel and Fernandes, 2008).
Of the definite strongyloidiasis cases, three were never treated for strongy-
loidiasis and two cases were initially treated with albendazole, which is not
the most effective treatment for strongyloidiasis. This pattern was also evi-
dent in the probable strongyloidiasis cases with no treatment for strongyloi-
diasis in five of these subjects (Einsiedel and Fernandes, 2008). Mortality due
to strongyloidiasis can be high in immunosuppressed persons, such as those
who are co-infected with HTLV-I. Correct diagnosis of concurrent HTLV-
I and strongyloidiasis is absolutely essential for correct case management. In
the retrospective study by Einsiedel and Fernandes (2008) 15 of the 18 cases
resulted in death which may have been avoided by early diagnosis and cor-
rect treatment for strongyloidiasis. Death was caused in most cases by bac-
terial sepsis, a known complication of disseminated strongyloidiasis (Fig. 1).

From scrutiny of Table 2 it appears there is no preponderance of
Strongyloides infection in HTLV-I-positive individuals but there may be
an argument for a relationship between HTLV-I seroconversion and high
intensity Strongyloides infections, and increased likelihood for disseminated
strongyloidiasis in HTLV-I-infected persons (Robinson et al., 1994;
Satoh et al., 1991). If HTLV-I increases susceptibility to infection with
Strongyloides then higher prevalence should be evident in HTLV-I-infected
individuals compared with those uninfected with HTLV-I. Polyparasitism
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with individuals infected concurrently with both helminth and protozoan
parasites are common in endemic areas (Gordon et al., 2015; Weerakoon
et al., 2018); it is, therefore, highly likely that a virus such as HTLV-I that
occupies the same ecological niche will also co-infect an individual
harbouring a helminth parasite such as S. stercoralis.

The true burden of co-infection of HTLV-I and S. stercoralis in Australia
is, therefore, unknown but as a recent review emphasized in relation to stron-
gyloidiasis that could also be applied to HTLV-I: ‘chronic strongyloidiasis—
don’t look and you won’t find’ (Page and Speare, 2016).

4.1 Prevalence

The majority of reports identified in this review were case studies, with the
few larger hospital cohort studies based on testing blood donors, retrospec-
tive examinations of past patients in a hospital setting, and targeted cohorts
known to have either an HTLV-I or Strongyloides infection. Five papers that
considered both HTLV-I and S. stercoralis infections met the criteria for a
community-wide survey or cross-sectional study that specifically sampled
communities or villages in endemic areas, with four from Japan (in English)
(Arakaki et al., 1992a, b; Hayashi et al., 1997; Higashiarakawa et al., 2017),
but only one from Australia (Einsiedel et al., 2016¢) (Table 2). In the
Australian cohort study, 97 of 138 members of a single remote Aboriginal
Community in Central Australia had their HTLV-I status determined and,
of these, 72 subjects were tested for strongyloidiasis (Einsiedel et al.,
2016¢). Only one child (<14 years of age) was infected with HTLV-I; adults
were significantly more likely to be infected with 40.5% (1 ="74) adults being
seropositive for HTLV-I. Strongyloides infection was not associated with
HTLV-I infection, although overall sero-prevalence was low in this commu-
nity with only 10 cases identified, 6 in HTLV-I-positive individuals, and 4 in
HTLV-I negative individuals (Einsiedel et al., 2016c). In addition to strongy-
loidiasis, scabies was also detected in one child who had discordant results for
HTLV-I but whose family were HTLV-I-positive (Einsiedel et al., 2016¢).

A survey of hospital data from Queensland (1998-2002) found 120
cases where a positive laboratory diagnosis of strongyloidiasis was made
(Hutchinson, 2003; Shield and Page, 2008). Lack of accurate diagnostic
tests has also resulted in confusion, with one study classifying subjects with
strongyloidiasis symptoms later reporting that some of the uninfected con-
trol patients were also infected with Strongyloides (Grove, 1989; Shield and
Page, 2008).
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Considering the four Japanese cohort studies, there were no significant
differences in Strongyloides prevalence between the HTLV-I-positive and
HTLV-I-negative individuals (Table 2) (Arakaki et al., 1992a, b; Hayashi
et al., 1997; Higashiarakawa et al., 2017). It is notable that the prevalence
of both HTVL-I and Strongyloides has decreased significantly in Japan; over
the past 70 years this decrease in prevalence is likely due to increased socio-
economic development and improved sanitation (Tanaka et al., 2016).
Testing of pregnant Japanese women for HTLV-I and the switch to bottle
feeding in HTLV-I-positive mothers in have proved effective in reducing
transmammary transmission of the virus, at a rate estimated to be about
20-30% (Ando et al., 1987, 1989, 2003; lkeda et al., 1998; Kinoshita
et al., 1987).

4.1.1 Refugees and immigrants in Australia

In the 2017-2018 period, 526,300 immigrants and refugees came to
Australia (ABS, 2019). While this number was down on previous years,
the majority of new arrivals came from countries in Asia (China, India,
the Philippines, Vietnam, Malaysia, Sri Lanka, South Korea, Hong Kong,
and Indonesia) and Oceania (ABS, 2019). Just over 7 million people
recorded a country of birth other than Australia (29.4% of the total popu-
lation) in 2018. The highest immigrant group by birth came from
England (4.0%) followed by China (2.6%), India (2.4%), New Zealand
(2.3%), the Philippines (1.1%), Vietnam (1.0%), South Africa (0.8%), Italy
(0.7%), Malaysia (0.7%), and Scotland (0.5%) (ABS, 2019).

Asia is highly endemic for STH, including S. stercoralis (Jex et al., 2011;
Khieu et al.,, 2013), and a range of other infectious diseases including
HTLV-I (Gessain and Cassar, 2012). Of countries on the immigrant list
with the largest populations by birth outside of Asia, Lebanon and South
Africa are also endemic for STH, S. stercoralis and HTLV-I1. There are there-
fore a considerable number of individuals entering Australia that may have
been exposed to and harbour a number of infectious diseases (ABS, 2019).
Immigrants and refugees diagnosed in Australia since 1976 with S. stercoralis
originated from a range of countries, including Laos, China, Cambodia,
India, Sri Lanka, Myanmar, Vietnam, Japan, Sierra Leone, and Sudan, all
of which are endemic for both S. stercoralis and HTLV-I (Tables 1 and
2) (Biggs et al., 2009; Bradbury and Thomas, 2006; Caruana et al., 2006;
Chan et al., 2018; de Silva et al., 2002; Grant and Tiong, 2018; Gurry
et al., 2015; Mukerjee et al., 2003; Ngo et al., 2018; Paxton et al., 2012;



48 Catherine A. Gordon et al.

Prociv and Adkins, 1987; Rice et al., 2003; Sampson and Grove, 1987;
Yong et al., 2007).

The majority of studies identifying S. stercoralis infection in immigrants
and refugees in Australia, used either serology, faecal examination by var-
ious methods, or a combination of both as diagnostic tools (Tables 1 and
2). International guidelines and the Australian Therapeutic Guidelines
recommend screening patients at epidemiological risk of S. stercoralis prior
to the initiation of immunosuppressive therapy. Chemoprophylaxis is
also recommended for patients shown to be serologically-positive for
Strongyloides, and patients who are negative by serology but who have lived
in or visited an area endemic for S. stercoralis (CDC, 1993; Requena-
Mendez et al., 2013). International guidelines also require serology and
faecal examination prior to immunosuppression or for those already
immunosuppressed (Requena-Mendez et al., 2013).

One of the most extensive S. stercoralis studies performed in Australia was
that on refugees from Myanmar (2006-2008) (Paxton et al., 2012). Of 973
individuals tested for S. stercoralis, 20.8% (202/973) were positive, while
43.4% (446/1027) were positive for ‘faecal pathogens’ by faecal microscopy
which may also have captured some S. stercoralis-positive subjects. A more
recent study (2013—2014) on refugees from various countries identified a
smaller prevalence of S. stercoralis by serology—4.1% (136/3307) subjects
were positive with 2.2% (73/3307) being equivocal (Ngo et al., 2018).
The lower prevalence is likely due to the inclusion of all refugees in the sur-
vey, some of which originated from non-endemic or low S. stercoralis
transmission areas.

Other recent papers on immigrants or refugees in Australia include two
case studies of immigrants from Vietnam (Chan et al., 2018; Grant and
Tiong, 2018), and another reporting on four case studies of immigrants from
Vietnam, India, Fiji, and Japan (Zubrinich et al., 2019). A cohort study on
Cambodian refugees in 2002 determined a S. stercoralis prevalence of 36%
(n=234) (Biggs et al., 2009). Those positive had all been resident in
Australia between 2 and 28 years. The patients were diagnosed by serology
or faecal testing and treated with ivermectin. Of the 82 positives, 40 were
followed up after treatment, with 21 still giving positive serology at 3 months
posttreatment. However, an overall decrease in antibody levels was
detected. In another hospital data survey, 20% of faecal samples from
2686 refugees, many being new arrivals from Sierra Leone, Sudan,
Ethiopia, Uganda and Somalia, tested at the R oyal Hobart Hospital between
2002 and 2005, were shown to be S. stercoralis-positive (Bradbury and
Thomas, 2006).
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S. stercoralis can be a very persistent parasite, as evidenced by immi-
grants returning positive results years after settlement in Australia (Biggs
etal., 2009; Einsiedel and Spelman, 2006); and returned service personnel,
particularly Vietnam veterans (Rahmanian et al., 2015) and WWII
ex-POWs imprisoned in Thailand (Grove, 1980; Oliver et al., 1989),
who were found to be positive for S. stercoralis many years after they
had left an endemic area.

Whereas we found no specific publications relating to the HTLV-I status
in refugees and immigrants arriving in Australia, studies on refugees arriving
in the USA from South East Asia revealed zero to very low (0.6%; n=193)
HTLV-I prevalence (Belongia et al., 1991; Buchwald et al., 1992); preva-
lence was higher in African refugees, with an HTLV-I prevalence of
2.3-5.4% (n=398)=in Mozambiquans from two refugee camps in
Swaziland (Van Rensburg et al., 1995). A separate study on African refugees
from Zaire, Ghana, and South Africa in Belgium reported a HTLV-I prev-
alence of 4% (n=4, 603) (Goubau et al., 1993).

4.1.2 Returned service personnel

While there are data on Strongyloides, no information is available for concur-
rent Strongyloides and HTLV-I infections in returned service personnel, and
there is also limited information on potential HTLV-I infections in this
group. Australia’s armed services have been involved in wars, occupations,
and peace-keeping missions around the world, many in areas endemic for
S. stercoralis, HTLV-I, and other infectious diseases. Countries in which
the armed services have been employed since the second world war include
Korea, Papua New Guinea, Timor Leste, Japan, Malaysia, Zimbabwe,
Rwanda, Vietnam, Iraq, Afghanistan, Cambodia, India and Pakistan, as well
as postings in Island nations around the Pacific Ocean, all of which are
endemic for S. stercoralis. Due to the ability of S. stercoralis to autoinfect, it
can be very persistent and long-lived in humans (Montes et al., 2010).
Six papers reported on the diagnosis of S. stercoralis in ADF or peacekeeping
forces personnel (Table 1), but no HTLV-I infections were recorded in
these two groups. Nevertheless, a statement of principles concerning
HTLV-I and the Veterans Entitlements Act of 1986, tabled in 1996
(Australian Government, 1996), indicated that it was recognized as a public
health issue although it is unclear if the Australian army ever conducted
HTLV-I testing on returned service personnel. It seems unlikely that such
a statement would have been released if there was no possibility of HTLV-I
infection in returned service personnel.



50 Catherine A. Gordon et al.

In 2013 a pilot study, examining the prevalence of S. stercoralis in
Australian veterans of the Vietnam War (Australian involvement 1962—
1975), was undertaken (Rahmanian et al., 2015). Of the 249 veterans
enrolled in the study, 11.6% proved seropositive for S. stercoralis using a
commercially available ELISA. Three consecutive stool samples were then
taken from all seropositive individuals and subjected to microscopy after the
samples were concentrated to identify larvae. None of the samples from the
seropositive individuals were positive by microscopy, but as the authors
stated they used direct smear and formol-ether concentrates, which are
comparatively insensitive diagnostic methods. There was a significant increase
in dermatological symptoms in the seropositive individuals compared with
those who were seronegative, although not with gastrointestinal indica-
tors, and eosinophilia was not associated with seropositivity (Rahmanian
et al., 2015).

In an earlier case study (Kennedy et al., 1989), a patient, who was a for-
mer POW held in Thailand in 1943—44 during WWII, was initially treated
for lung cancer at the age of 65; after subsequent identification of necrosis in
the bowel, the necrotic section was removed and larvae of S. stercoralis were
identified in the removed section. Both larvae and ova were subsequently
identified in the POW’s sputum during the 6 days post diagnosis of
S. stercoralis and the commencement of treatment with thiabendazole.
During his cancer treatment he had not been treated with immunosuppres-
sive drugs, and it may have been his age-related immunosenescence and the
effect the cancer was having on his immune system pre-diagnosis which
may have caused hyperinfection, in this case, more than 40 years after being
held as a POW. A more extensive study conducted in 1980 on POWs
(1942—-1945) held in South East Asia (SEA) identified S. stercoralis in
44 (27.5%) of 160 individuals enrolled in the study (Grove, 1980). All par-
ticipants were members of the same battalion that were captured in
Singapore and then were sent to various POW camps in SEA and Japan,
including working on the Burma-Thailand railway (Grove, 1980).
A similar study (1989) in Tasmania determined a S. stercoralis prevalence
of 17% (n=150) in POWs (1942—-1945) held in various locations around
SEA (Timor, Java, Singapore, Burma-Thailand, Japan) (Oliver et al.,
1989). More recently (2003), 14 S. stercoralis cases were identified in the
Regional Assistance Mission to Solomon Islands (RAMSI) personnel
(Pattison and Speare, 2008).

The majority of studies investigating the presence of S. stercoralis in vet-
erans and service personnel were undertaken decades after they returned
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from endemic areas where they would have been infected. Closer monitor-
ing of returned service personnel in the years directly following their
deployment and follow up in those who test positive to S. stercoralis would
be beneficial for the long-term health of veterans.

4.1.3 Australian aborigines in remote communities

Indigenous Australians in remote communities have high prevalence of
strongyloidiasis with estimates ranging from 10% to 60% depending on
the community tested and the diagnostic tools used (Flannery and White,
1993; Kearns et al., 2017; Prociv and Luke, 1993; Sampson et al., 2003;
Shield et al., 2015). Strongyloidiasis 1s associated with socioeconomic disad-
vantage (Beknazarova et al., 2016) and the endemic nature of the disease in
remote communities supports this. As early as 1990 it was suggested that
with appropriate disposal of human faeces strongyloidiasis is rarely seen
(Grove, 1990); however, safe water and effective sanitation alone do not lead
to elimination of strongyloidiasis (Shield and Page, 2008). Furthermore,
levels of infection are likely to be underestimated as many clinical staff are
unaware of the disease (Page and Speare, 2016), and deaths can be recorded
as sepsis rather than due to strongyloidiasis (Einsiedel and Fernandes, 2008).
The majority of S. stercoralis infections in Australian residents identified in
this review were in Aboriginal Australians (Table 1).

The latest Australian census in 2016 indicated the highest number of
Aboriginal and Torres Strait Islanders (ATSI) is resident in New South
Wales (NSW) (254,842) followed by Queensland (QLD) (176, 910)
and then Western Australia (WA) (96,497) (ABS, 2018a). Over one-third
(37.4%) of ATSI live in major cities while 6.7% and 11.9% live in remote
and very remote areas, respectively. Many of these remote and very
remote areas are in the Northern Territory (NT) and WA (ABS, 2018a;
Biddle and Markham, 2016). The majority of studies written about stron-
gyloidiasis in Australia, and identified in our literature searches, were per-
formed in the NT, specifically in Alice Springs and Darwin (Table 1).
These are the two main centres in the NT with major hospitals. Many
of the surrounding communities can be hundreds to thousands of
kilometres (km) away from these centres, which impacts on the health ser-
vices provided for individuals living in remote/very remote areas. Alice
Springs Hospital (ASH) services an area of 1,000,000 km? and a population
of 47,000 of which, 40% are Aboriginal and Torres Strait Islanders (ATSI)
who make up 70% of patients at ASH (Einsiedel et al., 2012). Darwin has a
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population of 148,564, of which 8.7% identify as ATSI, and services an
area of 3163.9km> (ABS, 2018b).

We identified a total of 68 papers that considered HTLV-I and
S. stercoralis infection in Australian residents, although concurrent infections
were only identified in 12 articles (Table 1). The largest of these studies were
in Alice Springs with two reports of parasitological data for 1847 individuals
and HTLV-I data for 2454 individuals; 180 individuals had concurrent
HTLV-I and S. stercoralis infections (Einsiedel et al., 2014b, 2018).
Elsewhere, only one co-infection was identified in FNQ and three from
Perth, WA (Boan et al., 2017; Robertson et al., 2017; Smith et al., 2019)
(Table 1, Figs. 2 and 3).

The retrospective (2000-2006) Alice Springs case study on co-infections
of HTLV-I and S. stercoralis referred to earlier, identified a lack of effective
treatment of S. stercoralis after a positive diagnosis—either via stool or serol-
ogy (Einsiedel and Fernandes, 2008).

The lack of adequate treatment of strongyloidiasis in ASH may be due to
alack of appropriate recognition of the seriousness of S. stercoralis infection in
the immunosuppressed, such as can occur in co-infections with HTLV-I,
and, as one group of authors put it, an ‘inability to maintain core knowledge’
(Einsiedel et al., 2018). In remote areas of Australia, health staff turnover can
be quite rapid, leading to loss of knowledge as no appropriate database has
been established to retain this information. This has, in part, resulted in a call
to have human strongyloidiasis designated as a notifiable disease in Australia,
which would allow for greater visibility of the disease, and provide guidance
for effective treatment (Beknazarova et al., 2018).

A study conducted in 20102011 in the Top End (NT) determined a
prevalence of 21% (n=2818) for S. stercoralis by serology and/or faecal culture
(Holt et al., 2017a; Kearns et al., 2017). Treatment consisting of one dose of
ivermectin (200 pg/kg), or daily doses of albendazole for 3 days for children
weighing <15kg, was given at the time of sample collection to all non-
pregnant subjects and repeated if they tested positive for Strongyloides.
After treatment the prevalence was reduced drastically to 5% at month 6,
and to 2% after a second dose of ivermectin given to those still positive at
month 12, showing that correct and appropriate treatment greatly impacts
infection levels in endemic areas. In initially negative individuals, when
retested after 12 months, 2.5% (4/157) were positive for Strongyloides, giv-
ing a measure of the infection rate. A subsample of dried blood spots col-
lected as finger pricks on filter paper from children who did not provide
venous blood samples determined a S. stercoralis sero-prevalence of 16.5%
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(n=124) prior to treatment, but a much less marked decrease in preva-
lence (12%) was observed 6 months after treatment (n=30) (Mounsey
et al., 2014). It should be emphasized that children weighing less than
15kg were given albendazole for 3 days instead of ivermectin in this study
which may impact on cure rates as ivermectin is the recommended drug
for strongyloidiasis.

Another investigation, primarily examining diabetes in Australian
Aborigines, was conducted in Western Australia (WA) and reported a
S. stercoralis prevalence of 35.5% (n=259) at baseline (undertaken in
2012), with serological cure (after ivermectin treatment) of individuals was
characterized by ELISA-negativity; 5.8% were positive after 3 years (Hays
et al.,, 2017a, b). A more recent analysis of faecal microscopy results from
2008 to 2018 in the NT determined a 0.48% (n=49,679) prevalence of
S. stercoralis, but the primary diagnostic method used, wet mount and
formol-ethyl acetate concentration, is not ideal for S. stercoralis detection,
so this study likely underestimated the true prevalence (Hung et al., 2019).
Opverall, infection due S. stercoralis appears to be more common, or at least
is more commonly assessed, in the NT than in QLD or WA, and is much
less prevalent in other states where autochthonous cases appear to be much
rarer (Table 1). Eight papers focusing on QLD data, and three focusing on
NSW data were identified in our literature search. The two most recent stud-
ies from QLD determined a S. stercoralis prevalence of 12% (n=944) by faecal
examination and 30% (n=867) by serology in Woorabinda, and 6%
(n=695) by PCR in the North Queensland health catchment area (Miller
et al., 2018; Robertson et al., 2017).

A retrospective study investigating the rationale for HTLV-I serology
testing in FNQ determined a HTLV-I prevalence of 0.98% (n=409), a
S. stercoralis prevalence of 0.24%, and a Sarcoptes scabiei prevalence of 3%
(Smith et al., 2019). The area covered extended from Innisfail to the
Torres Strait in the North (Fig. 2). Only those individuals suspected of hav-
ing HTLV-I were tested and having a positive diagnosis of strongyloidiasis
or scabies was an indication for testing; only a few HTLV-I cases were iden-
tified. Although HTLV-I may have been present in other individuals, diag-
nostic testing was not undertaken. The three NSW reports were all case
studies and at least one patient was likely infected on a trip to Central
Australia (Fraser, 2019; Konecny et al., 2018; Walker-Smith et al., 1969).
Fraser (2019) also reported a study where 32% (62/194) of adults from
Aboriginal communities in coastal northern NSW were shown seropositive
for Strongyloides.
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In general, there seems to be a lack of recent community-wide studies of
both HTLV-I and Strongyloides in Australia, and a dearth of publications of
individual case studies, particularly in endemic areas. Fig. 2 depicts the dis-
tribution of HTLV-I and S. stercoralis from 1976 until 2019 and shows a
much broader geographical spread of both pathogens, particularly with
regard to WA and QLD. In the last 10 years there have been 20 papers iden-
titying HTLV-I or S. stercoralis in Australian residents (Fig. 3 based on data
from Supplementary Table 1 in the online version at https://doi.org/10.
1016/bs.apar.2020.11.002). The majority of cases were observed in the
NT, followed by FNQ and WA. The Alice Springs Hospital catchment area
also captures some parts of South Australia and WA.

4.1.4 Locally acquired strongyloidiasis in non-aboriginal Australians
Strongyloidiasis is not unique to Aboriginal Australians as there are a number
of reports of S. stercoralis infection in non-Aboriginal Australians. Eleven
cases of locally acquired strongyloidiasis were identified in a Townsville hos-
pital during the late 1980s of which three were Caucasian (Yiannakou et al.,
1990). Of these, one individual was a former Australian Defence Force
(ADF) member and may have acquired it while in service; all three case sub-
jects were described to have been living in ‘insanitary’ conditions
(Yiannakou et al., 1990). In a medical centre near Cairns in Queensland,
in the 5 years between 2006 and 2011, 161 patients were positive or equiv-
ocal by serology; 108 were Aboriginal and 54 were non-Aboriginal
(Beknazarova et al., 2018; Eager, 2011). A further four cases in those of
Caucasian descent were identified in Alice Springs (Page et al., 20006;
Soulsby et al., 2012), four from Darwin (Fisher et al., 1993), one from
the NT (Mayer-Coverdale et al., 2017), and two from NQ (Yiannakou
et al., 1990) (Table 1).

5. Immunology—Links between HTLV-I and
Strongyloides stercoralis infection

In earlier studies it was initially thought that Strongyloides infection was
a clinical sign of HTLV-I, much like certain infectious diseases can be diag-
nostic of HIV infection; indeed disseminated Strongyloides was also consid-
ered to be a sign of HIV although this has not turned out to be the case
(Gompels et al.,, 1991; Lucas, 1990). The link between HTLV-I and
Strongyloides co-infections is not clear-cut and there have been conflicting
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reports of whether Strongyloides is more common in HTLV-I infected per-
sons compared with those who are HTLV-I negative.

Helminth infections are often associated with a skewing of the immune
response to a Th2 response and down regulation of inflammation (Turner
et al., 2003). Both symptomatic and asymptomatic HTLV-1 infections have
been associated with an increase in pro-inflammatory cytokine production
compared with HTLV-I-negative individuals. Studies in Brazil (Porto et al.,
2005a; Santos et al., 2004) examined the cytokine levels in HTLV-I carriers
and the relationship with helminth infection by either S. stercoralis or
Schistosoma mansoni (Bezerra et al., 2018; Lima et al., 2019); S. mansoni is also
endemic in Brazil and a common co-infection. A significant decrease in
IFN-y, a pro-inflammatory cytokine associated with HTLV-I infection,
was recorded in helminth-infected individuals compared with those who
were uninfected; however, this association was found to be greater in indi-
viduals harbouring S. mansoni than S. stercoralis (Porto et al., 2005a; Santos
et al., 2004). Higher levels of IFN-y were reported in HAM/TSP patients
compared with ‘asymptomatic’ HTLV-I carriers, who in turn had signifi-
cantly higher levels of the pro-inflammatory cytokine IFN-y than
HTLV-I-negative individuals (Santos et al., 2004). The pro-viral load was
also significantly lower in helminth-infected individuals compared with
those who were helminth-negative (Porto et al., 2005a). Another study
found decreased levels of the pro-inflaimmatory cytokines TNFa and
IFN-y in S. stercoralis/HTLV-I co-infections compared with HTLV-I-only
infections (Salles et al., 2013). After treatment with ivermectin for
S. stercoralis infection TNFa levels increased (Salles et al., 2013). IFN-y pro-
duction was higher in the HTLV-1/helminth-co-infected individuals com-
pared with those with helminth infection only (Porto et al., 2004). HTLV-I
infection decreased the Th2 response normally observed in S. stercoralis
infections (Porto et al., 2001a).

A study from Peru found a significant (P < 0.05) increase in the numbers
of regulatory T-cells (T-regs) in S. stercoralis/HTLV-I co-infected individ-
uals compared with subjects having S. stercoralis infection alone, and a signif-
icant (P=0.0004) decrease in the anti-inflammatory cytokine IL-5 and
eosinophil numbers in co-infections compared with S. stercoralis alone
(Montes et al., 2009). Nematodes have been shown to induce the expansion
of T-regs, which are a function of the ability of helminths to down-regulate
inflammation. T-regs, particularly FoxP3 expressing T-regs, are associated
with protecting the host from damage from inflaimmation through the
release of inhibitory cytokines (Logan et al., 2018; Montes et al., 2009).
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This response may be due to secretory/excretory molecules produced by
helminth worms, or by alterations of the gut microbiome (Logan et al.,
2018). In ATLL there is an increase in the expression of FoxP3 which
may contribute to the immune suppression evident in HTLV-I infections
(Montes et al., 2009). Thus, concurrent infections of S. stercoralis and
HTLV-I may lead to a significant increase in Fox3P expression and
T-regs, driven by both pathogens. This may lead to Strongyloides hyper-
infection and dissemination, as well as the switch from asymptomatic
HTLV-I to clinical HTLV-I. The immune response to either infection is
not straightforward with many other interactions likely taking place. Lack
of knowledge of other co-infections may also impact the outcomes of these
types of studies, as well as the status of the HTLV-I infection.

Alcoholism has been associated with increased susceptibility to
Strongyloides hyperinfection although this possible relationship has not been
studied in Australia. A recent study in Brazil tested for strongyloidiasis in 345
patients admitted for alcoholism (De Souza et al., 2019). Both cop-
roparasitological (spontaneous sedimentation, Baermann-Moraes, agar plate
culture) and immunological (ELISA, immunoblotting) diagnostic tech-
niques were used to assess prevalence determined as 21.4% (74/345)
(De Souza et al., 2019). Five different anti-S. stercoralis antibody isotypes
and subclasses (IgG, IgG1, IgG4, IgE and IgA1 anti-S. stercoralis) were tested
in the ELISA, with some cross-reactivity evident in patients also infected
with S. mansoni and hookworm; the IgE-ELISA proved the most sensitive
and specific test for comparing alcoholic and non-alcoholic S. stercoralis
infected individuals. However, in the alcoholic individuals the IgE-
ELISA was negative in 30% of patients with larvae present in their faeces.
Parasite load (assessed as S. stercoralis larvae per gram of faeces) was higher
in those individuals testing negative by the IgE-ELISA compared with those
who were IgE-ELISA positive; this suggested there was down regulation of
IgE in alcoholic patients compared with non-alcoholic patients, with con-
sequent impairment of eosinophil and mast cell function leading to
S. stercoralis dissemination in these individuals (Carvalho and Da Fonseca
Porto, 2004; De Souza et al., 2019). Other factors that may increase suscep-
tibility to S. stercoralis hyperinfection in alcoholics include malnutrition, loss
of intestinal mucosa integrity, reduction in intestinal motility, and poor
hygiene (Teixeira et al., 2016). Several other studies identified alcoholism
as a significant risk factor with higher frequency of S. stercoralis infection
in alcoholics compared with non-alcoholics (de Oliveira et al.,, 2002;
Marques et al., 2010; Schar et al., 2013; Teixeira et al., 2016). Indeed, in
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several case studies of patients with S. stercoralis hyperinfection, alcoholism
was the only identified risk factor (de Oliveira et al., 2002; Schar et al.,
2013). Alcoholism has also been associated with an increase in S. stercoralis
larvae identified in stool, providing a further indication that the infection
becomes dysregulated (Marques et al., 2010).

6. Treatment of HTLV-I and Strongyloides stercoralis

While there is no cure for HTLV-I there are a number of treatments
available to reduce disease severity and manage symptoms in those who are
symptomatic. Opportunistic infections, including Strongyloides hyper-
infection, are a hallmark of HTLV-I infection and they can be treated as they
appear, although even targeted treatment of opportunistic infections can be
complicated in HTLV-I cases (Tanaka et al., 2015).

There is no proven beneficial treatment for the HAM/TSP manifesta-
tion of HTLV-I, although the use of corticosteroids, blood purification,
danazol, pentoxitylline, and interferon have all been suggested as potentially
having long-term health benefits, although none of these studies are conclu-
sive (Boostani et al., 2013; Nakagawa et al., 1996; Oh and Jacobson, 2008;
Oh et al., 2005). Interferon-fla (IFN-B1a) was used to treat 12 patients
with HAM/TSP over 28 weeks with increasing dosages from 30 pg/week
to 60 pg/twice weekly, and the subjects were followed for 12 weeks post
treatment (Oh et al., 2005). Pro-viral loads did not change significantly
and the Kurtzke expanded disability status scale (EDSS) remained relatively
constant from baseline to post IFN-Pla treatment. However, there was a
significant (P =0.039) decrease in transcriptional activity of HTLV-I, mea-
sured as a reduction in tax mRNA, after the treatment. There was also a sig-
nificant decrease (P =0.003) in spontaneous lympho-proliferation after
treatment with IFN-f1a (Oh et al., 2005). Overall, the results of this study
indicated that IFN-Bla may beneficially affect the immune mechanisms
central to the pathogenesis of HAM/TSP reducing symptoms and
pathology.

A case study utilizing IFN-B1a found that treatment alleviated some of
the symptoms of HAM/TSP, namely an improvement in paresthesia and
motor skills after 4 weeks of treatment (IFN-Blo; 3,000,000 TU) (Viana
etal., 2014). Another study from Iran reported on the effect of triple therapy
(IFN-Blo (180 pg/week); valproic acid (10-20 mg/kg/day); and predniso-
lone (5mg/day)) on clinical outcomes of HAM/TSP in 13 patients; there
was some, albeit non-significant, improvement in spasticity, reduction in
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urinary disturbances, and a reduction in fax mRNA (Boostani et al., 2015).
Methylprednisolone was used intravenously to treat an acute case of
HAM/TSP with marked improvement in motor skills evidenced by the
ability of the patient to walk without assistance 50 days posttreatment,
although some sensory disturbances still remained (Boostani and Ghabeli
Juibary, 2014).

Ivermectin is the recommended treatment for strongyloidiasis (Health,
2014; Page and Speare, 2016). A clinical trial on single vs multiple doses
of ivermectin determined that a single treatment dose was better tolerated
in those treated, with multiple doses not showing increased efficacy and that
patients should be monitored to confirm successful treatment (Buonfrate
et al., 2019). Despite the recorded efficacy of ivermectin treatment for
S. strongyloides there have been cases documented of reduced efficacy of
the drug, as determined by cure rates based on serological results, in persons
co-infected with HTLV-I, a feature also observed with thiabendazole and
albendazole (Carvalho and Da Fonseca Porto, 2004; Sato et al., 1994;
Satoh et al., 2002).

A key point in the management of co-infection with HTLV-I and
S. stercoralis is to recognize the danger of Strongyloides hyperinfection devel-
oping leading to high mortality and treating strongyloidiasis rapidly. In a
number of case studies in Australia there was inadequate treatment of indi-
viduals for S. stercoralis co-infected with HTLV-Ileading to patient mortality
(Einsiedel and Fernandes, 2008; Einsiedel et al., 2016b).

6.1 Treatment failure against Strongyloides stercoralis

Although S. stercoralis is primarily treated with ivermectin, other anthelmin-
tics including albendazole and thiabendazole have been used and are listed as
available treatments by the WHO (WHO, 2019b). Ivermectin is considered
the most effective drug as lower cure rates are evident with albendazole even
after multi-day dosing (Marti et al., 1996; Suputtamongkol et al., 2011).
Ivermectin is likewise used to treat scabies which is also endemic in
Northern and Central Australia. Increased use of ivermectin for treatment
of scabies may also be impacting on Strongyloides prevalence in Australia
(Kearns et al., 2015; Marks et al., 2019). Unfortunately, while ivermectin
is the preferred drug for treatment of strongyloidiasis, it may not be readily
available in all countries.

Treatment failures with ivermectin, thiabendazole or albendazole against
strongyloidiasis may be indicative of HTLV-I infection and these patients
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should be tested for the presence of the virus (Satoh et al., 2002; Terashima
et al., 2002). Recurrent and relapsing strongyloidiasis was indicated in sev-
eral case studies identified in this review, although this may have been due to
re-infection rather than treatment failure (Table 2) (D’Incan et al., 1994;
Gabet et al., 2003; Gessain et al., 1985; Patel et al., 2015; Phelps et al.,
1991; Richter et al., 2005; Rio et al., 1990; Visy et al., 1993).

6.2 Anthelmintic resistance

Anthelmintic resistance in human Strongyloides infections has not been con-
firmed, but treatment failure with ivermectin, particularly in cases when
confounding factors, such as immunosuppression or co-infections with
other pathogens such as HTLV-I, are not present, have been identified in
Australia (Hays et al., 2017a). Resistance to ivermectin has also been noted
in scabies, although there are few studies available (Currie et al., 2004;
Mounsey et al., 2008). In Australia use of ivermectin for scabies will also treat
Strongyloides infection (Marks et al., 2019) but may also help select for resis-
tance if used in programs of mass drug administration.

All drug classes used for the treatment of human helminth infections
have resulted in resistance developing against helminths parasitic in animals
(Coles et al., 2006; Kaplan, 2004), including the Family Strongylidae (Zak
et al., 2017), to which Strongyloides spp. belong. Ivermectin resistance has
been reported in a number of nematode parasites of livestock animals,
while emerging ivermectin resistance has been reported in Africa against
the human nematode Onchocerca volvulus (Abong et al., 2020; Osei-
Atweneboana et al., 2011).

6.3 COVID-19

Recently case studies describing exacerbation of existing Strongyloides infec-
tion after steroid treatment (tocilizumab and dexamethasone) for COVID-
19 in Italy and the USA have been published (Lier et al., 2020; Marchese
et al., 2020). This has implications for treatment of COVID-19 in areas
endemic for Strongyloides, and among immigrants and refugees in developed
nations such as Australia and the USA (Lier et al., 2020). Stauffer et al.
(2020) have presented a strategy for prevention of Strongyloides hyper-
infection due to COVID-19 treatment with dexamethasone which includes
pre-emptive treatment with ivermectin in those with moderate to high risk
of Strongyloides infection who are also positive for the coronavirus.
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7. Discussion and conclusion

Parasitic infections are generally considered as diseases of the tropics
but it is important to note that the larvae of S. stercoralis can survive in tem-
peratures down to 15 °C, and potentially lower. Indeed, one study demon-
strated larval survival after 3 days at 4°C (Ines Ede et al., 2011). Endemic
areas for strongyloidiasis are typically located in tropical regions but trans-
mission may also occur in temperate zones under certain conditions
(Beknazarova et al., 2016; Strkolcova et al., 2017). Additionally, autoinfec-
tion and the potential for human—human and zoonotic transmission, as a
result of poor hygiene practices and crowded housing, mean that it should
be considered more as a cosmopolitan disease. In contrast, HTLV-I has no
external phase and relies on human to human transmission and is thus not
restricted to tropical and subtropical climates.

Australia is a developed nation with the only evidence of locally trans-
mitted strongyloidiasis in areas of economic disadvantage that also coincide
with a large Aboriginal Australian population (Beknazarova et al., 2016).
HTLV-I and strongyloidiasis should not be regarded as unique diseases of
Aboriginal Australians in Australia, but rather that these are diseases of dis-
advantage, as evident from both infections occurring in non-Aboriginal
Australians (although at a much lower prevalence) and in many other parts
of the world.

Since co-infection with HTLV-I and S. stercoralis can lead to severe dis-
ease it is recommended that HTLV-I-infected individuals with epidemio-
logical risk of S. stercoralis infection should be tested for this parasite to
prevent development of hyperinfection and disseminated disease. One of
the issues surrounding the adequate treatment of these two pathogens in
Australia is the lack of awareness of the potentially severe effects that can arise
in co-infected patients. In many cases strongyloidiasis is either incorrectly
diagnosed or when there is correct diagnosis inappropriate treatment is given
or treatment is delayed. As indicated earlier, a strong case has been put for-
ward to include strongyloidiasis on the list of notifiable diseases in Australia
(Beknazarova et al., 2018). We fully endorse that request as this would help
raise the profile of the disease and potentially increase successful identifica-
tion and treatment of identified cases of strongyloidosis. In line with this, the
development of education programs and accessibility to data for health pro-
fessionals working in endemic areas and instructing new personnel when
they arrive in Australia is also crucial to reinforce knowledge of HTLV-I
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and S. stercoralis. Remote areas often have a high turnover of medical per-
sonnel and newly arrived doctors may have little knowledge or understand-
ing of either pathogen, their immunological interactions, or the aetiology of
the diseases they cause.

In addition to locally acquired infections, returned travellers infected
with HTLV-I and S. stercoralis outside Australia also need careful monitor-
ing. In particular, testing for both strongyloidiasis and HTLV of service per-
sonnel returning from endemic areas, and recent refugees and immigrants
arriving from endemic areas is a major consideration. It is particularly impor-
tant that clinicians consider possible S. stercoralis infection prior to prescrib-
ing immunosuppressive therapy, in order to prevent potentially fatal
iatrogenic sequelae. Furthermore, there should be continued follow up of
those who have tested positive for strongyloidaisis until successful sero-
reversion, as the duration of infection can last decades. This follow up should
be undertaken on all patients who test positive, not only to ensure successful
treatment, but also to monitor possible re-infection in patients at ongoing
epidemiological risk posttreatment.

There is general consensus that strongyloidiasis is an under-reported dis-
ease. Large-scale screening is rarely performed, and the lack of knowledge
about transmission and the potential role of zoonotic hosts in Australia ham-
pers timely and effective diagnosis, treatment and control measures.
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