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Abstract 

Reports on cases of strongyloidiasis and tuberculosis or aspergillosis coinfection are fragmented in the literature 
and no large-scale reviews are describing its occurrence across the globe. We identified a total of 230 cases of stron-
gyloidiasis and tuberculosis coinfection amongst 2376 participants with tuberculosis disease from eight epidemiolog-
ical surveys conducted in Ethiopia (n = 4, 50%); Tanzania (n = 3, 37.5%) and Malaysia (n = 1, 12.5%). Clinical outcomes 
in these studies were not stated as they were largely descriptive. In addition, there were ten individual case reports 
of strongyloidiasis and tuberculosis coinfection. Of the ten, four were from the USA (40%), two each from India (20%) 
and Japan (20%), and one each from the UK (10%) and Argentina (10%). Of the ten, six had favourable outcomes, 
two were fatal and outcomes were unclear in the remainder. Ten cases of strongyloidiasis and aspergillosis coinfec-
tion were identified, five were reported from the USA (50%), and one each from the Netherlands (10%), China (10%), 
Iran (10%), Colombia (10%) and Italy (10%). Five each had favourable and fatal outcomes. Fatal outcomes in strongy-
loidiasis and tuberculosis or aspergillosis coinfection were associated with steroid therapy (n = 3), decline for treat-
ment (n = 1), delayed diagnosis (n = 2) and delayed presentation (n = 1). Our findings suggest a significant proportion 
of individuals living with tuberculosis are also affected with strongyloidiasis, especially in sub-Saharan Africa. However, 
more studies are required to ascertain the burden of strongyloidiasis and tuberculosis coinfection as few cases were 
reported from other highly burdened tuberculosis regions. In addition, the role of the attending clinician is critical 
to reduce morbidities from the coexistence of these clinical entities as a significant number of cases with docu-
mented outcomes were fatal.
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Introduction
Strongyloidiasis is a parasitic infection, mainly caused 
by the soil-transmitted helminth, Strongyloides sterc-
oralis [1]. Sporadic infections with Strongyloides fuelle-
borni also occur in Africa and Papua New Guinea [2]. It 
is estimated to affect 613.9 million people with a global 
prevalence of 8.1%, predominantly reported in the South-
East Asia region estimated at 237.3 million, followed 
by the Western Pacific region with 133.2 million, and 
the African region with 108.1 million [3]. The portal of 
infection in humans is mainly via the penetration of the 
skin or mucous membranes by the filariform larvae dur-
ing autoinfection or via the faecal-oral route. The larvae 
then migrate through the lymphatics and venules to the 
lungs and into the alveolar spaces causing inflammatory 
responses often associated with eosinophilic infiltration 
and pneumonitis. The parasite enters the gut from the 
lungs and becomes the parthenogenetic female [2].

The symptomatology of strongyloidiasis is often neg-
ligible or without clinical manifestations and can persist 
for several years in the immunocompetent human host 
[1]. On the other hand, it can cause a debilitated form 
of illness in the immunocompromised including cancer 
patients and following their exposure to chemotherapy, 
patients on organ transplant, prolonged steroid use, 
human T-lymphotropic virus (HTLV) infection, rheu-
matic diseases and HIV/AIDS patients often leading to 
fatal outcomes [1, 4–6]. The associated factors predispos-
ing to strongyloidiasis hyperinfection or disseminated 
disease are also critical in setting the stage for tubercu-
losis (TB) and opportunistic fungal diseases like asper-
gillosis. The reason for the possible coexistence of these 
diseases is that they are often associated with impaired 
immunity. Strongyloidiasis impedes the human immune 
response to TB and can thus lead to the reactivation of 
latent TB or worsen an ongoing TB disease [7]. Also, S. 
stercoralis coinfection in pulmonary TB patients is asso-
ciated with an increased risk of cavitation leading to 
a greater disease severity and higher bacterial burden 
[8]. Cavitations on their own are a major risk factor for 
chronic pulmonary aspergillosis as studies have shown 
increasing rates amongst post-TB treated patients [9]. 
Similarly, as the pathogenesis of these diseases involves 
the lungs, their clinical presentation may mimic each 
other thus masking an early diagnosis and initiation of 
appropriate treatment [10–12]. This is besides already 
existing intricacies in the prompt diagnosis of fungal dis-
eases as they are often misdiagnosed as TB or missed in 
many cases coexisting with TB thus increasing morbidity 
and mortality [13–16]. Current estimates show that about 
3.8 million individuals die from fungal diseases globally 
[17], and a total of 1.3 million people are dying from TB 
as of 2022 (WHO). The attending physician’s cognizance 

of this interrelation is critical to patient management and 
obtaining favourable outcomes. Clinicians the world over 
need to be in touch with these trends to improve diag-
nosis thereby reducing morbidity. This underpins the 
essence of this review as large-scale reviews on this sub-
ject are currently lacking in the literature. We highlight 
documented studies and case reports of strongyloidiasis 
coexisting with TB or aspergillosis to drive awareness 
of early diagnosis and treatment which would invariably 
improve clinical outcomes.

Methods
We conducted a literature search using PubMed and 
Google Scholar to identify case reports, case series and 
observational studies reporting strongyloidiasis coinfec-
tion with TB or aspergillosis. The search duration was 
from inception to February 2024. The search was done 
using Medical Subject Headings (MeSH) terms and key-
words with an appropriate combination using Boolean 
operators ‘AND’ and ‘OR’. The search algorithm was 
((‘strongyloides’ OR ‘strongyloidiasis’) AND (‘tubercu-
losis’)) OR ((‘strongyloides’ OR ‘strongyloidiasis’) AND 
(‘aspergillosis’)). References in all relevant papers were 
further reviewed for additional publications on stud-
ies regarding the subject of this review. We excluded 
reviews and other articles not relevant to the subject 
of this review. Data on study authors, location, year of 
publication, type of study, age, sex, clinical presentation, 
comorbidities, risk factors, immunosuppressive ther-
apy, method of diagnosis, treatment and outcomes were 
extracted.

Results
We identified 18 articles reporting strongyloidiasis and 
TB coinfection. Of the 18, eight (44.4%) were epide-
miological surveys and ten (55.6%) were individual case 
reports. Of the eight surveys, four (50%) were studies 
conducted in Ethiopia, three (37.5%) were done in Tan-
zania and one (12.5%) from Malaysia. Five (62.5%) were 
hospital-based studies, two (25%) were community-based 
studies and in one (12.5%), participants were recruited 
from both community and hospital. Overall, a total of 
230 cases were reported from 4137 participants. Clini-
cal outcomes in these studies were however not stated as 
they were largely descriptive (Table 1).

Looking at the case reports, of the ten, four were from 
the USA (40%), two each from India (20%) and Japan 
(20%), and one each from the UK (10%) and Argen-
tina (10%). Four were males with a male-to-female ratio 
of 0.6:1. The mean age (± standard deviation) was 37.7 
(± 20.4) and a range of 7 to 73 years. Predominant clini-
cal features were abdominal pain/distention (n = 5) fol-
lowed by fever (n = 4) and weight loss (n = 2). Associated 
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comorbidities and predisposing factors were malnutri-
tion (n = 2), vitamin B12 deficiency (n = 1), peptic ulcer 
(n = 1), syndrome of inappropriate antidiuretic hormone 
secretion (n = 1) and steroid therapy (n = 1), respectively. 
Of the ten, six had favourable outcomes, two were fatal 
and outcomes were unclear in the remainder (Table 2). Of 
the two fatal cases, a diagnosis of strongyloidiasis coin-
fection in a TB patient was made, and an anti-TB regi-
men and ivermectin treatment were initiated. However, 
the patient still expired probably due to a delayed presen-
tation as symptoms had evolved for a 2-month duration 
[26]. On the other, a diagnosis of TB was confirmed from 
sputum culture twelve days after the patient’s demise and 
on autopsy [10].

About strongyloidiasis and aspergillosis coinfection, 
we found 10 individual case reports. Five were reported 
from the USA (50%), one each from Iran (10%), China 
(10%), Italy (10%), Colombia (10%) and the Nether-
lands (10%). The mean age (± standard deviation) was 
65.2 (± 13.5) and a range of 36 to 82. Of the ten, eight 
(80%) were males with a male:female ratio of 4:1. Clini-
cal features were majorly cough (n = 4), dyspnoea (n = 4), 
fever (n = 3) and shortness of breath (n = 2). Commonly 
encountered comorbidities identified were asthma (n = 3) 
and leukaemias (n = 3) and all the cases were on steroid 
therapy (Table 3). Of the ten cases highlighted, five each 

had favourable and fatal outcomes. Of the five with fatal 
outcomes, antihelminth and antifungal therapy declined 
in one [35], three were linked with steroid therapy [1, 38, 
42] and the remainder due to a delayed diagnosis [12].

Discussion
Strongyloidiasis and tuberculosis coinfection
Expectedly, the reported cases and studies on strongy-
loidiasis coinfection in TB patients were mainly from 
endemic regions. Cases reported from non-endemic 
regions were in immigrants from regions endemic for 
strongyloidiasis [27–29]. Our review highlights over 200 
cases of strongyloidiasis and TB coinfection reported 
worldwide with a significant proportion from sub-Saha-
ran Africa [18–25]. Paradoxically, despite the endemicity 
of strongyloidiasis in South-East Asia and the highly bur-
dened TB countries in that region, sparse cases of stron-
gyloidiasis and TB coinfection were reported [26, 28, 31, 
33]. This may be linked with the paucity of studies inves-
tigating TB patients for strongyloidiasis or perhaps the 
underdiagnosis and or underreporting of strongyloidiasis 
and TB coinfection as revealed in this index review. The 
epidemiological surveys conducted in this regard were all 
from Africa and none from Asia which suggests missed 
cases across the globe. Prioritizing research in this area, 
especially at a global scale will mitigate these gaps.

Table 1  Epidemiological surveys documenting a co-infection between strongyloidiasis and tuberculosis

Ss Strongyloides stercoralis, MTB Mycobacterium tuberculosis
a Participants comprised of patients diagnosed with lower respiratory tract infection, malaria, diarrhoea and TB
b Participants included TB patients, community controls and household contacts
c All participants were PTB patients
d Study population comprised participants with suspected TB
e Study population comprised TB patients and healthy TB contacts
f Study participants were confirmed or suspected cases of TB

Authors/publication 
year/no. of reference

Location No. of the 
population 
screened

No. of 
people 
with TB

No. of people with Ss 
and MTB coinfection

Survey site HIV status

Ramos et al., 2006 [18] aEthiopia 782 100 5 Hospital Not stated

Abate et al., 2012 [19] bEthiopia 295 112 3 Community 47% (53/112) of PTB patients 
were HIV positive

Alemu et al., 2017 [20] cEthiopia 213 213 2 Hospital 209 were tested for HIV 
of whom 20 (9.6%) were 
positive

Sikalengo et al., 2018 [21] cTanzania 668 668 89 Hospital 25% (167/668) of TB patients 
were HIV positive

Alemayehu et al., 2014 [22] dEthiopia 415 72 5 Hospital Not stated

Mhimbira et al., 2017 [23] eTanzania 972 597 111 Hospital/community 27.3% (163/597) of TB patients 
were HIV patient

Wong et al., 2019 [24] eMalaysia 137 82 9 Community Participants with HIV were 
excluded

Range et al., 2007 [25] fTanzania 655 532 6 Hospital 43.6% (232/532) of confirmed 
TB patients were HIV patients

Total − 4137 2376 230 - -
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Besides strongyloidiasis, Mycobacterium tuberculosis 
infection is also known to coexist with other intestinal 
parasites. A pooled prevalence of intestinal parasite coin-
fection of 33% was documented in a systematic review of 
studies conducted in Ethiopia with Ascaris lumbricoides 
(10.5%), Hookworm (9.5%), Giardia lamblia (5.7%) and 
Strongyloides stercoralis (5.6%) being the most common 
[43]. From Tanzania, the overall prevalence of helminth 
coinfections in adult TB patients was 22.9% and pre-
dominantly associated with S. stercoralis (42.4%) and 
S. mansoni (23.8%) [21]. Likewise, a systematic review 
of pulmonary TB patients from Africa and Asia docu-
mented a pooled prevalence of helminth coinfection of 
29.69%; Schistosoma mansoni (9.98%) being the high-
est and followed by S. stercoralis (7.74%) and hookworm 
(6.91%) respectively [44]. An earlier global systematic 
review (1984–2012) on the same subject identified 24 
cases from 22 studies and a total of 770 cases from five 
epidemiological surveys [45]. The findings from these 
review studies suggest a significant proportion of TB 
patients have intestinal helminth coinfections, thus the 
routine screening of TB patients for intestinal parasites 
should be encouraged especially in regions endemic for 
both clinical conditions as prompt diagnosis and initia-
tion of treatment modalities are vital to attaining favour-
able outcomes.

Strongyloidiasis and aspergillosis coinfection
Generally, fungal infections are not commonly associ-
ated with the immunocompetent unless following activi-
ties that cause undue or severe exposure to the conidia 
of these fungal pathogens or due to prolonged contact 
with an infected person or via fomites as seen in der-
matophytosis [15, 46]. On the other hand, the immuno-
compromised including individuals with underlying HIV 
infection, cancer patients, prolonged steroid therapy, 
patients undergoing organ transplantation, and diabetics, 
amongst others are frequently susceptible to fungal infec-
tions due to impaired immune functions [15]. The lat-
ter may account for the coexistence of S. stercoralis and 
opportunistic fungal pathogens as strongyloidiasis is also 
known to impair cellular immunity via the modulation of 
proinflammatory cytokines thereby dampening the basal 
immune response [7]. Moreover, strongyloidiasis as pre-
viously mentioned has an increased risk of lung cavita-
tions which may predispose to aspergilloma formation [8, 
47].

Risk factors
Reported cases of strongyloidiasis and TB or aspergillo-
sis coinfections had notable underlying diseases and risk 
factors including malnutrition, cancers, chronic obstruc-
tive pulmonary diseases (COPDs), steroid use, rural 

residence and contaminated water sources. Malnutrition 
is an important risk factor for strongyloidiasis and TB 
as well as is often associated with reduced lymphocyte 
count and as such increases the risk for strongyloidiasis 
hyperinfection and TB reactivation [10, 31].

All cases of strongyloidiasis and aspergillosis coinfec-
tions highlighted in this review were on steroid therapy 
due to underlying illnesses including cancers, autoim-
mune conditions and COPDs. Prolonged use of steroids 
suppresses immune functions as it impairs T lympho-
cyte activation, enhances recruitment of T regulatory 
cells and promotion of M2 macrophage polarization [48], 
thus predisposing to opportunistic mycoses and or stron-
gyloidiasis hyperinfection. Similarly, the use of steroids 
in the management of TB worsens strongyloidiasis and 
can lead to hyperinfection or disseminated disease [31, 
32]. Although the underlying mechanisms of these are 
unclear, postulations by some authors hold that steroids 
may cause acute suppression of eosinophilia (important 
mediators of the immune response to S. stercoralis) or a 
direct effect on parasites by accelerating their transfor-
mation from filariform to rhabditiform larvae [32, 49].

The implication of rural residence in strongyloidiasis 
and TB coinfection may be linked with poor hygiene, 
overcrowding and the inability to adopt lifestyle changes 
that would reduce infection risk hence the likelihood of 
ingesting contaminated food or water which is a route of 
infection for most intestinal parasites [20]. Contrastingly, 
some studies reported a high prevalence of helminth and 
TB coinfection in urban areas but were however linked 
with poor urban planning and hygiene control [21].

Clinical implications
To begin with, the clinical presentation of strongyloidia-
sis is non-specific. It could mislead the attending clini-
cian to consider other close mimics [11, 30]. Marchesi 
et  al. reported systemic strongyloidiasis and primary 
aspergillosis of the gastrointestinal tract in a patient with 
T-cell acute lymphoblastic leukaemia which was unfortu-
nately fatal due to a confounding clinical picture that sug-
gested other differentials including chemotherapy side 
effects, neutropenic enterocolitis, drug-related hepatic 
failure and the concomitant presence of invasive aspergil-
losis. Diagnosis of strongyloidiasis was confirmed in this 
index patient at autopsy and invasive aspergillosis as well 
[12]. In the same vein, strongyloidiasis and TB coinfec-
tion may occur in an immunocompromised patient, or 
either of the two clinical conditions may predispose to an 
overt manifestation of the other [10, 31, 50]. As described 
in some case reports, some patients were seen to have 
developed TB infection after successful treatment for 
strongyloidiasis [31], and vice versa [27]. Thus, in either 
case, a diagnosis of TB should be considered or ruled out 
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in a patient with strongyloidiasis hyperinfection and like-
wise strongyloidiasis in a patient being managed for TB 
especially when steroid therapy is included as part of the 
treatment regimen and more so if the index TB patient 
is presenting with gastrointestinal symptoms [10, 26]. 
This is pertinent for the attending clinician as a delayed 
diagnosis of TB in the context of ‘strongyloidiasis and TB 
coinfection’, and a delayed diagnosis of strongyloidiasis in 
the setting of ‘strongyloidiasis and aspergillosis coinfec-
tion’ accounted for some of the fatalities documented in 
this review [10, 12].

Diagnosis
Besides mimicking other disease conditions, the diag-
nosis of strongyloidiasis is quite challenging for several 
reasons as the diagnostic tools have varied sensitivity and 
specificity, and as such false negatives or positives may 
be entertained which may be detrimental to patient care 
[51]. The common method used for diagnosis is stool 
microscopy, but this has a sensitivity of 50% attributed to 
the intermittent shedding of the rhaditiform larva even 
in a symptomatic patient [26]. Detection of antibodies 
against Strongyloides has improved sensitivities (74 to 
98%) however not specific as cross-reactions can result 
in false positive results due to other parasitic infestations 
like filariasis or ascariasis [26]. Peripheral eosinophilia 
which is a laboratory feature consistent with parasitic 
diseases has been repeatedly shown in many case reports 
to be absent and as such not reliable [26, 31, 33]. On the 
other hand, in some case reports the only marker for 
strongyloidiasis was eosinophilia [28]. Baermann’s tech-
nique has been shown to have the highest sensitivity and 
thus the most preferred method. In a study conducted 
in Iran comparing the sensitivity of five parasitological 
methods including direct smear of faeces in saline and 
Lugol iodine stain, Baermann technique, formalin-ethyl 
acetate concentration, Harada-Mori filter paper, agar 
plate culture and a molecular method, Baermann tech-
nique was the most sensitive with 90% positive outcomes 
while the least positive result was obtained with Harada-
Mori method, 3.3% [52]. Howbeit, as the Baermann tech-
nique is not widely used and seemingly time-consuming, 
the deployment of multiple diagnostics would enhance 
prompt diagnosis and early initiation of antihelminth 
therapy.

Overview of immunology
The immunology of strongyloidiasis in TB patients is 
elaborately discussed in the literature with explana-
tions as to why strongyloidiasis impairs the immunity 
of an individual with TB and vice versa. This is basi-
cally because the immune response pathway of both 
clinical entities counteracts each other; while the 

immune response to TB is mediated by proinflamma-
tory T-helper type 1 (Th1) and Th17 cells cytokines 
which play a role in combating bacterial and viral infec-
tions, helminth infection contrastingly activates the 
release of anti-inflammatory Th2 cytokines, increased 
levels of circulating immunoglobulin E (IgE) antibod-
ies, eosinophils, mast cells, regulatory T cells (Tregs) 
and transforming growth factor-β (TGF-β) [7]. One 
study investigating the effect of intestinal helminths on 
the immune response to PPD in naturally immunized 
or Bacille Calmette-Guerin (BCG) vaccinated indi-
viduals conducted in Ethiopia showed individuals with 
helminths infection had reduced T cell and PPD skin 
test responses while improved BCG efficacy following 
increased T cell proliferation and interferon were asso-
ciated with antihelminthic therapy [53]. Likewise, some 
studies have also affirmed the above position stating the 
inhibitory effect of Th2 cell cytokines on Th1 immune 
response is reduced with the removal of the helminth 
following antihelminth therapy [54, 55].

Besides showing helminth infection to regulate 
cytokine responses in both pulmonary and latent tuber-
culosis infection, studies have also shown helminth-
mediated modulation of the systemic and mycobacterial 
antigen-stimulated cytokine profiles to occur in individu-
als with extrapulmonary tuberculosis. A study investigat-
ing the association between S. stercoralis coinfection with 
tuberculous lymphadenitis showed plasma cytokines; 
specifically Type 2, regulatory and Type 17 cytokines 
were elevated while proinflammatory cytokines were 
reduced [56]. Modulation of monocyte responses in 
helminth-TB coinfection has also been described with a 
reduced capacity to phagocytose or exhibit respiratory 
burst activity and less expression of proinflammatory 
cytokines in S. stercoralis positive individuals compared 
with S. stercoralis negative individuals [57]. Regarding the 
immunological interactions between strongyloidiasis and 
aspergillosis, data was sparse in the literature, and this 
informs an area that needs to be urgently explored.

Limitations
Clinical outcomes were not documented in a signifi-
cant number of cases which may have masked the bur-
den of strongyloidiasis and TB coinfection in this review. 
In addition, we may have missed some studies or case 
reports relating to this review as the databases searched 
were limited to Google Scholar and PubMed. How-
beit, the data highlighted in this review was global and 
captured significant gaps in the management of stron-
gyloidiasis coinfection with TB and aspergillosis with 
recommendations on how to mitigate these pitfalls.
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Conclusion
Strongyloidiasis and TB coinfection are commonly 
encountered in sub-Saharan Africa and paradoxically 
less reported in other TB endemic regions probably due 
to paucity of studies investigating the co-occurrence of 
strongyloidiasis and TB. The predisposition of individu-
als with strongyloidiasis to develop TB is linked with the 
systemic immunomodulation associated with strongyloi-
diasis disease. On the other hand, besides the increased 
risk of cavitations, impaired immune status following 
prolonged steroid therapy was a major driver of stron-
gyloidiasis coinfection in patients with aspergillosis. 
Further studies are required to decipher the molecular 
basis underlying the interrelation of aspergillosis and 
strongyloidiasis.

Abbreviations
TB	� Tuberculosis
HTLV	� Human T-lymphotropic virus
HIV	� Human immunodeficiency virus
AIDS	� Acquired immune deficiency syndrome
WHO	� World Health Organization
MeSH	� Medical subject headings
COPDs	� Chronic obstructive pulmonary diseases

Acknowledgements
None

Authors’ contributions
Christian J. Ide: methodology, formal analysis, visualization, resources, 
writing—review and editing; David E. Elem: methodology, investigation, 
visualization, resources, writing—review and editing; Thelma E. Bassey: data 
curation, investigation, visualization, resources, writing—review and editing; 
Ofonime E. Benjamin: data curation, investigation, methodology, resources, 
writing—review and editing; Ikechukwu Okekemba: investigation, formal 
analysis, visualization, resources, writing—review and editing; Walter E. Odok: 
methodology, investigation, visualization, resources, writing—review and 
editing; Promise Owai: data curation, investigation, methodology, resources, 
writing—review and editing; Geraldine L. Edim: investigation, formal analysis, 
project administration, visualization, resources, writing—review and editing; 
Bassey E. Ekeng: conceptualization, writing—original draft, data curation, 
formal analysis, investigation, methodology, project administration, resources, 
validation, visualization, writing, review and editing, supervision and resources.

Funding
None.

Availability of data and material
All underlying data have been included in the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medical Microbiology and Parasitology, University of Cala-
bar Teaching Hospital, Calabar, Nigeria. 2 Department of Internal Medicine, 
University of Calabar Teaching Hospital, Calabar, Nigeria. 3 Department 

of Haematology and Blood Transfusion, University of Calabar Teaching Hos-
pital, Calabar, Nigeria. 4 Department of Family Medicine, University of Calabar 
Teaching Hospital, Calabar, Nigeria. 

Received: 5 April 2024   Accepted: 12 August 2024

References
	1.	 Motamedi M, Haghighi L, Omidian M, Sarkari B (2020) Coinfection of 

Strongyloides stercoralis and Aspergillus sp. Interdiscip Perspect Infect 
Dis 2020:8649409

	2.	 Puthiyakunnon S, Boddu S, Li Y, Zhou X, Wang C, Li J, Chen X (2014) Stron-
gyloidiasis—an insight into its global prevalence and management. PLoS 
Negl Trop Dis 8(8):e3018

	3.	 Buonfrate D, Bisanzio D, Giorli G, Odermatt P, Fürst T, Greenaway C, French 
M, Reithinger R, Gobbi F, Montresor A, Bisoffi Z (2020) The global preva-
lence of Strongyloides stercoralis infection. Pathogens 9(6):468

	4.	 Igra-Siegman Y, Kapila R, Sen P, Kaminski ZC, Louria DB (1981) Syn-
drome of hyperinfection with Strongyloides stercoralis. Rev Infect Dis 
3(3):397–407

	5.	 Cabral AC, Iñiguez AM, Moreno T, Bóia MN, Carvalho-Costa FA (2015) 
Clinical conditions associated with intestinal strongyloidiasis in Rio de 
Janeiro, Brazil. Rev Soc Bras Med Trop 48:321–325

	6.	 Khadka P, Khadka P, Thapaliya J, Karkee DB (2018) Fatal strongyloidiasis 
after corticosteroid therapy for presumed chronic obstructive pulmonary 
disease. JMM case reports 5(9):e005165

	7.	 Bhengu KN, Naidoo P, Singh R, Mpaka-Mbatha MN, Nembe N, Duma 
Z, Pillay R, Mkhize-Kwitshana ZL (2022) Immunological interactions 
between intestinal helminth infections and tuberculosis. Diagnostics 
12(11):2676

	8.	 Kumar NP, Kathamuthu GR, Moideen K, Banurekha VV, Nair D, Fay MP, 
Nutman TB, Babu S (2020) Strongyloides stercoralis coinfection is associ-
ated with greater disease severity, higher bacterial burden, and elevated 
plasma matrix metalloproteinases in pulmonary tuberculosis. J Infect Dis 
222(6):1021–1026

	9.	 Davies AA, Adekoya AO, Balogun OJ, Osaigbovo II, Nwosu A, Gbaja-
Biamila T, et al (2024) Prevalence of chronic pulmonary aspergillosis 
in two Tuberculosis treatment clinics in Lagos, Nigeria: a prospective 
longitudinal study. Open Forum Infect Dis 11(4):ofae090

	10.	 Saradna A, Shenoy A, Ambesh P, Kamholz S (2018) Strongyloides hyperin-
fection and miliary tuberculosis presenting with syndrome of inappropri-
ate antidiuretic hormone secretion in a malnourished patient. Cureus. 
10(3):e2349

	11.	 Raj TY, Vairakkani R, Harshavardhan TS, Srinivasaprasad ND, Rani VD, 
Fernando ME (2020) Post-renal transplant miliary mottling: not always 
tuberculosis. Indian J Nephrol 30(2):121–124

	12.	 Marchesi F, Lepanto D, Annibali O, Cerchiara E, Tirindelli MC, Bianchi A, 
Sedati P, Muda AO, Avvisati G (2011) Sytemic strongyloidiasis and primary 
aspergillosis of digestive tract in a patient with T-cell acute lymphoblastic 
leukemia. Leuk Res 35(7):978–980

	13.	 Ekeng BE, Davies AA, Osaigbovo II, Warris A, Oladele RO, Denning DW 
(2022) Pulmonary and extrapulmonary manifestations of fungal infec-
tions misdiagnosed as tuberculosis: the need for prompt diagnosis and 
management. Journal of Fungi 8(5):460

	14.	 Caceres DH, Valdes A (2019) Histoplasmosis and tuberculosis co-occur-
rence in people with advanced HIV. J Fungi 5(3):73

	15.	 Bongomin F, Ekeng BE, Kibone W, Nsenga L, Olum R, Itam-Eyo A, Kuate 
MP, Pebolo FP, Davies AA, Manga M, Ocansey B (2022) Invasive fungal 
diseases in Africa: a critical literature review. J Fungi 8(12):1236

	16.	 Ewa AU, Ekeng BE, Bassey GE, Akpah EU, Asemota OA, Nweke LN (2022) 
Disseminated histoplasmosis in a 17-year-old Nigerian male patient: a 
case report. Asian Pac J Trop Med 15(6):283–286

	17.	 Denning DW (2024) Global incidence and mortality of severe fungal 
disease. Lancet Infect Dis. 24(7):e428–e438

	18.	 Manuel Ramos J, Reyes F, Tesfamariam A (2006) Intestinal parasites in 
adults admitted to a rural Ethiopian hospital: relationship to tuberculosis 
and malaria. Scand J Infect Dis 38(6–7):460–462

	19.	 Abate E, Belayneh M, Gelaw A, Idh J, Getachew A, Alemu S, Diro E, Fikre N, 
Britton S, Elias D, Aseffa A (2012) The impact of asymptomatic helminth 



Page 9 of 9Ide et al. The Egyptian Journal of Internal Medicine           (2024) 36:87 	

co-infection in patients with newly diagnosed tuberculosis in north-west 
Ethiopia. Plos One. 7(8):e42901

	20.	 Alemu G, Mama M (2017) Intestinal helminth co-infection and associated 
factors among tuberculosis patients in Arba Minch. Ethiopia BMC Infect 
Dis 17:1–9

	21.	 Sikalengo G, Hella J, Mhimbira F, Rutaihwa LK, Bani F, Ndege R, Sasamalo 
M, Kamwela L, Said K, Mhalu G, Mlacha Y (2018) Distinct clinical charac-
teristics and helminth co-infections in adult tuberculosis patients from 
urban compared to rural Tanzania. Infect Dis Poverty 7(02):32–43

	22.	 Alemayehu M, Birhan W, Belyhun Y, Sahle M, Tessema B (2014) Prevalence 
of smear positive tuberculosis, intestinal parasites and their co-infection 
among tuberculosis suspects in Gondar University Hospital and Gondar 
Poly Clinic, North West Ethiopia. Journal Microbial Biochem Technol 
6(4):179–184

	23.	 Mhimbira F, Hella J, Said K, Kamwela L, Sasamalo M, Maroa T, Chiryamkubi 
M, Mhalu G, Schindler C, Reither K, Knopp S (2017) Prevalence and clini-
cal relevance of helminth co-infections among tuberculosis patients in 
urban Tanzania. PLoS Negl Trop Dis 11(2):e0005342

	24.	 Wong WK, Mohd-Nor N, Noordin R, Foo PC, Mohamed Z, Haq JA, Acosta 
A, Sarmiento ME, Subramaniam P, Dony JF, Mohamad-Roze MN (2019) 
Parasitic infections in Malaysian aborigines with pulmonary tuberculosis: 
a comparative cross-sectional study. Parasitol Res 118:2635–2642

	25.	 Range N, Magnussen P, Mugomela A, Malenganisho W, Changalucha 
J, Temu MM, Mngara J, Krarup H, Friis H, Andersen AB (2007) HIV and 
parasitic co-infections in tuberculosis patients: a cross-sectional study in 
Mwanza. Tanzania Ann Trop Med Parasitol 101(4):343–351

	26.	 Praveena R (2022) Diagnosing parasitic infestation in a patient with 
tuberculosis. Biomedicine 42(3):623–624

	27.	 Dwarakanath AD, Welton M, Ellis CJ, Allan RN (1994) Interrelation of 
strongyloidiasis and tuberculosis. Gut 35(7):1001–1003

	28.	 Yamanashi H, Kanbara S, Murase K, Maeda T (2018) Eosinophilia, a 
marker of asymptomatic Strongyloides infection, in a young patient with 
extrapulmonary tuberculosis. Case Reports. 2018:bcr-2017

	29.	 Kim S, Patel M, Adial A, Trivedi P, Smith AJ (2020) Strongyloides Stercoralis 
Infection with Findings of Usual Interstitial Pneumonitis in an Immu-
nocompetent Patient with Latent Tuberculosis. In C39. DIFFUSE LUNG 
DISEASE STUMPERS. Am Thorac Soc, p. A4984–A4984

	30.	 De la Rosa GR, Kuliev A, Barnett BJ (2002) A case of Strongyloides sterc-
oralis and mesenteric tuberculous infection with acute abdominal pain in 
an HIV-positive patient. Scand J Infect Dis 34(9):696–697

	31.	 Iwashita Y, Suzuki K, Masui A, Kawamoto E, Yokoyama K, Yamamoto A, 
Omori Y, Ishikura K, Hatada T, Fujioka M, Takeda T (2013) A case of Stron-
gyloides hyperinfection associated with tuberculosis. J Intensive Care 
1:1–4

	32.	 Terroba H, González A, Vera Gonzalez D, Godoy RM, Santos A, Arrojo 
M (2021) Strongyloides stercoralis hyperinfection and disseminated 
tuberculosis. The University of Louisville Journal of Respiratory Infections 
5(1):24

	33.	 Patil M, Pratinidhi SA (2012) Disseminated Tuberculosis with Strongyloi-
des stercoralis Infestation. JKIMSU 1(1):107–112

	34.	 Garcia Morales OM, Galindo JL, Gil Torres PR, Lutz JR (2019) Pulmonary 
Coinfection by Strongyloides Stercoralis and Tuberculosis. In C53. TUBER-
CULOSIS CASE REPORTS, Am Thorac Soc, p. A5108–A5108

	35.	 Wagenvoort JHT, Houben HGJ, Boonstra GLM, Scherpbier J (1994) Pulmo-
nary superinfection with Strongyloides stercoralis in an immunocompro-
mised retired coal miner. Letters 13(6):518–519

	36.	 Guo J, Sun Y, Man Y, Huang X, Qin Q, Zhou D, Deng A (2015) Coinfection 
of Strongyloides stercoralis and Aspergillus found in bronchoalveolar 
lavage fluid from a patient with stubborn pulmonary symptoms. J Thorac 
Dis 7(3):E43

	37.	 Lertsburapa T, Ren R, Shen R (2021) An unusual Aspergillus, herpes and 
strongyloides triple infection in a patient with chronic pulmonary dis-
ease: a case report with literature review. Respir Med Case Rep 32:101330

	38.	 Upadhyay D, Corbridge T, Jain M, Shah R (2001) Pulmonary hyperinfec-
tion syndrome with Strongyloides stercoralis. Am J Med 111(2):167–169

	39.	 Chahin A, Gayle J, Alvarez G, Yaqoob Z, Sanchez IA, Ly V (2019) Strongyloi-
diasis complicating allergic bronchopulmonary aspergillosis in an immu-
nosuppressed patient with refractory asthma. Chest 156(4):A2180–A2181

	40.	 Shrestha P, O’Neil SE, Taylor BS, Bode-Omoleye O, Anstead GM (2019) 
Hemoptysis in the immunocompromised patient: do not forget strongy-
loidiasis. Trop Med Infect Dis 4(1):35

	41.	 Jacquemart C, Firre E, Thiry A, Broux R (2008) Allergic bronchopul-
monary aspergillosis associated with strongyloidiasis. Rev Med Liege 
63(7–8):469–473

	42.	 Tankanow L, Eichenhorn MS (1988) Disseminated Strongyloides stercora-
lis and Aspergillus fumigatus presenting as diffuse interstitial pneumoni-
tis in a steroid-dependent chronic obstructive pulmonary disease patient. 
Henry Ford Hosp Med J 36(1):41–43

	43.	 Alemu A, Bitew ZW, Worku T (2020) Intestinal parasites co-infection 
among tuberculosis patients in Ethiopia: a systematic review and meta-
analysis. BMC Infect Dis 20:1

	44.	 Zenebe Y, Habtamu M, Abebe M, Tulu B, Atnafu A, Mekonnen D, Lang R, 
Munshea A (2023) Intestinal helminth co-infection and associated factors 
among pulmonary tuberculosis patients in Africa and Asia: a systematic 
review and meta-analysis. BMC Infect Dis 23(1):739

	45.	 Li XX, Zhou XN (2013) Co-infection of tuberculosis and parasitic diseases 
in humans: a systematic review. Parasit Vectors 6:1–2

	46.	 Ekeng BE, Kibone W, Onukak AE, Bassey TE, Kuate MP, Ahaneku CA, 
Offiong A, Bongomin F (2024) Onychomycosis in Africa: prevalence and 
spectrum of fungal pathogens. Curr Fung Infect Rep 18:1–4

	47.	 Pettersson T, Stenström R, Kyrönseppä H (1974) Disseminated lung 
opacities and cavitation associated with Strongyloides stercoralis and 
Schisiosoma mansoni infection. Am J Trop Med Hyg. 23(2):158–62

	48.	 Della Corte CM, Morgillo F (2019) Early use of steroids affects immune 
cells and impairs immunotherapy efficacy. ESMO Open 4(1):e000477

	49.	 Fardet L, Généreau T, Poirot JL, Guidet B, Kettaneh A, Cabane J (2007) 
Severe strongyloidiasis in corticosteroid-treated patients: case series and 
literature review. J Infect 54(1):18–27

	50.	 Vini V, Antony S, Jacob T, Sasimohan A, Jacob AM, Idikula MJ, Cherian J 
(2021) A fatal combination of disseminated strongyloidiasis with two 
bacterial infections in an immunocompromised host. Access Microbiol 
3(7):000246

	51.	 Dong MD, Karsenti N, Lau R, Ralevski F, Cheema K, Burton L, Klowak M, 
Boggild AK (2016) Strongyloidiasis in Ontario: performance of diagnostic 
tests over a 14-month period. Travel Med Infect Dis 14(6):625–629

	52.	 Mohammadi-Meskin V, Hamedi Y, Heydari-Hengami M, Eftekhar E. Sharifi-
sarasiabi Kh. Is the Baermann, The applicable method for detection of 
Strongyloides stercoralis. HMJ. 2018;22(2):70–6.

	53.	 Elias D, Wolday D, Akuffo H, Petros B, Bronner U, Britton S (2001) Effect 
of deworming on human T cell responses to mycobacterial antigens in 
helminth-exposed individuals before and after bacille Calmette-Guérin 
(BCG) vaccination. Clin Exp Immunol 123(2):219–225

	54.	 Toulza F, Tsang L, Ottenhoff TH, Brown M, Dockrell HM (2016) Mycobac-
terium tuberculosis-specific CD4+ T-cell response is increased, and Treg 
cells decreased, in anthelmintic-treated patients with latent TB. Eur J 
Immunol 46:752–761

	55.	 Borkow G, Teicher C, Bentwich Z (2007) Helminth-HIV coinfection: should 
we deworm? PLoS Negl Trop Dis 1:2–3

	56.	 Kathamuthu GR, Munisankar S, Sridhar R, Baskaran D, Babu S (2019) Hel-
minth mediated modulation of the systemic and mycobacterial antigen–
stimulated cytokine profiles in extrapulmonary tuberculosis. PLoS Negl 
Trop Dis 13(3):e0007265

	57.	 Rajamanickam A, Munisankar S, Dolla C, Menon PA, Nutman TB, Babu 
S (2020) Helminth coinfection alters monocyte activation, polarization, 
and function in latent Mycobacterium tuberculosis infection. J Immunol 
204(5):1274–1286

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


	Strongyloidiasis co-occurrence with tuberculosis and aspergillosis in immunocompromised patients: a global scoping review
	Abstract 
	Introduction
	Methods
	Results
	Discussion
	Strongyloidiasis and tuberculosis coinfection
	Strongyloidiasis and aspergillosis coinfection
	Risk factors
	Clinical implications
	Diagnosis
	Overview of immunology

	Limitations
	Conclusion
	Acknowledgements
	References


