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Almost 2 years into the coronavirus
disease 2019 (COVID-19) pan-
demic, it remains to be determined
how helminths interact with severe
acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). We dis-
cuss how helminths may alter
susceptibility to infection, COVID-
19 pathology, and the efficiency of
vaccines by combined analysis of
available COVID-19 data and previ-
ous investigations of the effect of
helminths in viral infections.

Unanswered questions in
SARS-CoV-2 interactions with
helminth infection

Helminth infections account for eight of the
20 neglected tropical diseases, many of
which are targeted for elimination/eradication
by the World Health Organization yet still in-
fect an estimated 1.5-2 billion people world-
wide, with many cases concentrated in sub-
Saharan Africa (SSA). The COVID-19 pan-
demic in SSA appears to have progressed
with a milder trajectory than predicted com-
pared to that observed in Europe and
North America. The underlying mechanisms
are unknown and are likely multifactorial
with  contributors  including population
age, connectivity of population centres,
comorbidity rates, and cross-reactive immu-
nity to other pathogens. Paradoxically, peo-
ple of Black African origin based in North
American or European countries are

disproportionately affected by COVID-19. A
preliminary study has shown that patients
admitted to hospital had a lower risk of de-
veloping severe COVID-19 if they were
coinfected with parasites, including hel-
minths [1]. This would indicate that the hel-
minth-induced regulatory Th2 response —
with increased TGFf3, IL-10, and expansion
of regulatory immune cells —is beneficial dur-
ing COVID-19, likely via attenuation of host
hyperimmune activation. Conversely, a
Th2-biased immune response may come
at the expense of Th1 responses required
for viral control and clearance. These mech-
anisms are not mutually exclusive, and al-
most 2 years into the pandemic, three
crucial questions remain unanswered:

e Does helminth infection increase sus-
ceptibility to SARS-CoV-2 infection?

e Does helminth infection affect COVID-
19 disease progression and patient
outcomes?

e Are SARS-CoV-2 vaccines equally ef-
fective in helminth-infected individuals?

Does helminth infection increase
susceptibility to SARS-CoV-2
infection?

Assessing whether helminth infection modu-
lates SARS-CoV-2 spread requires an accu-
rate estimation of virus prevalence. Reduced
testing capacity can underestimate infection
burden and complicates comparisons. Alter-
natively, population-based seroprevalence
surveys can provide an estimation of
COVID-19 rates at a given time. Two such
surveys undertaken at approximately the
same time returned an estimated antibody
prevalence of 6% in the UK and 2.1% across
six Zambian districts [2,3]. However, when
current infections were included, detected
by PCR, the estimated prevalence in
Zambia increased to 10.6%, highlighting
the impact of timing and testing protocols
during an active outbreak. A recent meta-
analysis, including 15 studies covering
nine sub-Saharan African countries in the
period April to October 2020, returned a
higher estimated prevalence of 18.76%
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(13.09-24.42%) compared to 7.29%
(6.58-8.01%) in North America and
Europe [4]. Immunological surveys are
also susceptible to underestimation result-
ing from seroreversion, which is exacer-
bated in countries where the majority of
cases are mild or asymptomatic due to
a correlation between severity of disease
and antibody levels. Indeed, 76.2% of in-
fections in Zambia were asymptomatic
compared to 32.2% in the UK, suggesting
that the prevalence in SSA may be even
higher than estimated [2,3]. Combined, this
suggests that COVID-19 prevalence is not
reduced in SSA but that the disease course
may be milder.

Ascertaining a link between helminth
infection and susceptibility to other viral
infections has been inconclusive to date. De-
termining causal or direction of effects is diffi-
cult in coprevalence studies, nevertheless, a
positive association between Schistosoma
haematobium or lymphatic filariasis and HIV
infection has been demonstrated [5].

Work in animal models investigating coin-
fection by helminths and other viruses
could be informative for predicting molec-
ular mechanisms in COVID-19 infection
(reviewed in [6]). For example, the rectal
infective dose required to establish sim-
ian HIV infection was 17-fold lower in
Schistosoma mansoni-coinfected ma-
caques, suggesting that some helminth
infections can increase viral susceptibility.
In mice, enteric helminth infection with
Heligmosomoides polygyrus impaired
immunity to murine norovirus infection in
a Th2-dependent mechanism. The same
helminth reduced the severity of respira-
tory syncytial virus (RSV) infection, in a
Th2-independent but type | interferon- and
microbiota-dependent  mechanism  [6].
Chronic, and therefore liver-restricted,
S. mansoni infection reduced the suscepti-
bility of mice to lethal challenge with HVPR8
Influenza A virus and increased viral clear-
ance in a model of RSV infection. Whilst
chronic S. mansoni infection resulted in
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increased replication of hepatotropic lympho-
cytic choriomeningitis virus (LCMV) [6].
Combined, this indicates detrimental local
but beneficial distal effects. However,
H. polygyrus-infected mice showed in-
creased susceptibility to neurotropic flaviviral
challenge with increased viral loads in the
brain, spinal cord, small intestine, and colon,
suggesting both local and remote effects of
H. polygyrus infection [6]. Helminth-mediated
immune modulation can restrict virus levels
via IL-4 priming of virtual memory CD8*
T cells, resulting in increased virus antigen-
specific CD8" T cells upon challenge [6].
Treg cells that are expanded during helminth
infection induce the mobilisation of dendritic
cells and CD8* T cells that can be crucial to
early virus control and clearance [7].

These studies highlight the complexity of
transkingdom pathogen interactions and
suggest that effects are likely helminth-
and virus-specific, Th2-dependent or
-independent, and both local and distal
to the helminth infection niche. COVID-19
seroprevalence surveys combined with
helminth infection status are required
throughout SSA, with the region-specific
dominance of some helminths perhaps en-
abling determination of key helminth spe-
cies in these interactions. Notably, studies
in helminth-endemic regions outside SSA,
such as Amazonas, point to increased
severity of COVID-19; however, there are
many genetic and environmental factors
that may contribute to these observations
beyond helminth burden, and investiga-
tions are urgently required [8,9].

Does helminth infection affect
COVID-19 disease progression and
patient outcomes?

Severe COVID-19 is characterised by
a hyperactive immune response leading to
a 'cytokine storm' and destruction of airway
tissue. Comparisons of moderate and se-
vere COVID-19 patient immune responses
have shown similarities in cytokine effector
production during the first 10 days of infec-
tion [10]. After day 10, patients with severe
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disease showed a broad dysregulation of
type 1, 2, and 3 immune responses [10].
The type 2 immune responses that in-
creased in severe COVID-19 patients in-
cluded IL-5, IL-13, and IgE levels with
eosinophilia. Notably, other viruses, including
those where animal models showed a bene-
fit of helminth coinfection, such as RSV, in-
duce Th2 cytokines. It remains to be
determined if synergistic activation of a Th2
immune profile increases severe disease in
COVID-19. Increases in myeloid cells
coupled with T cell depletion are common
to COVID-19 patients, yet they are most pro-
nounced in patients with severe versus mod-
erate disease. In patient airways, Tregs are
reduced whilst macrophages (CD163-
PHLA-DRP) are increased in severe COVID-
19 patients compared to healthy controls. In-
creased chemokine levels, such as CCL2, in
severe COVID-19 patients are likely instru-
mental in driving monocyte/macrophage re-
cruitment and lung infiltration [10,11].
Therefore, helminth-mediated expansion of
Treg cells coupled with modulation of mono-
cyte/macrophage trafficking and activation
may well be beneficial in patients with severe
COVID-19 immune profiles, but whether this
is at the pathological expense of viral con-
trol remains to be investigated. Temporal
changes in viral load, estimated by time to
negative PCR test after symptom presen-
tation, in helminth-infected patients may
elucidate helminth effects on viral control.

Beyond T cell and myeloid cell responses,
enteric helminth infection with Trichinella
spiralis, H. polygyrus, and Hymenolepis
microstoma all resulted in goblet cell
hyperplasia and increased levels of air-
way gel-forming mucous MUC5B and
MUCS5AC in the lungs by an IL-13- and
migratory ilCL2-dependent mechanism
[12]. Surprisingly, a MUC5B polymorphism
(rs35705950) that increases MUC5B pro-
duction and is associated with idiopathic
pulmonary fibrosis is proposed to be pro-
tective in COVID-19 and associated with
areduced risk of hospitalisation in older pa-
tients [13]. Could helminth-mediated
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goblet cell hyperplasia and increased mucin
deposition be protective in COVID-19?

Are SARS-CoV-2 vaccines equally
effective in helminth-infected indi-
viduals?

Effective worldwide vaccination is crucial
to resolution of the COVID-19 pandemic.
However, vaccine efficiencies are depen-
dent on the immune state of the individual;
this is well known for neonates where a
Th2-dominant immune response attenu-
ates vaccine responses. Likewise, vaccine
efficiency is reduced where helminth infec-
tions are endemic, with reduced efficien-
cies shown for BCG, tetanus, cholera,
measles, and malaria vaccines [14]. The
mechanisms of helminth attenuation of
vaccine responses are not fully known,
but arole for Treg, IL-10, or follicular helper
T cells has been proposed [14,15].

Importantly, the effects of helminths are pro-
longed, with attenuated vaccine responses
of up to 16 weeks after infection clearance
in mice [15]. The propensity for repeat infec-
tions and prolonged immune effects sug-
gests that current mass drug administration
programmes or anthelmintic therapy imme-
diately prior to vaccination may be ineffective.
However, two doses of albendazole admin-
istered at day O and day 30 prior to vacci-
nation with an attenuated oral cholera
vaccine were sufficient to double sero-
conversion rates [14]. Therefore, anthel-
mintics, started sufficiently prior to and
maintained up to vaccination, may be ben-
eficial and warrant further investigation to
improve outcomes, though logistical issues
coordinating treatments are significant.

Alternatively, an assessment of vaccine
efficiency in helminth-infected individuals
may provide critical information for selecting
optimal vaccines for use in SSA. For exam-
ple, current COVID-19 mRNA-based
vaccines Pfizer/BioNTech (BNT162b2) and
Moderna (MmRNA-1273) lack traditional
adjuvants and contain modified nucleosides
to increase translaton and reduce
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immunogenicity. This is beneficial in
hyperimmune reactive people in the devel-
oped world but may be counterproduc-
tive in populations with attenuated
innate immune responses resulting from
helminth infection. Adenoviral vaccines, in-
cluding AstraZeneca (ChAdOx1 nCoV-19)
and Johnson & Johnson (JNJ-78436735),
may prove more successful due to an in-
herent ability to activate Toll-like receptors
(TLRs), particularly intracellular TLRs and
nucleic acid sensors, and thereby increase
innate responses to develop effective
cellular and humoral immunity.

Concluding remarks

We postulate that helminth infection may
be beneficial in preventing cytokine storms
and severe COVID-19, yet it remains
unknown if helminth infection increases
susceptibility to COVID-19 infection through
impaired viral control. The effects of hel-
minth infection on COVID-19 vaccination
programmes are yet to be determined;
however, previous studies of other vac-
cines, and work in animal models discussed

in the preceding text, suggest cause for
concem.

Acknowledgments

P.N. was supported by Independent Research
Fund Denmark (DFF-6111-00521). B.W. was
supported by Independent Research Fund
Denmark (DFF-1032-00242).

Declaration of interests
The authors declare no competing interests.

‘Department of Clinical Medicine, Aarhus University, Aarhus,
Denmark

?Department of Infectious Diseases, Aarhus University Hospital,
Aarhus, Denmark

*Correspondence:
pn@clin.au.dk (P. Nejsum).

https://doi.org/10.1016/}.pt.2022.01.007

© 2022 Elsevier Ltd. All rights reserved.

References

1. Wolday, D. et al. (2021) Effect of co-infection with in-
testinal parasites on COVID-19 severity: a prospective
observational cohort study. eClinicalMedicine 39,
101054

2. Mulenga, L.B. et al. (2021) Prevalence of SARS-CoV-2 in
six districts in Zambia in July, 2020: a cross-sectional
cluster sample survey. Lancet Glob. Health 9, e773-e781

14.

¢? CellPress

Ward, H. et al. (2021) SARS-CoV-2 antibody prevalence in
England following the first peak of the pandemic. Nat.
Commun. 12, 1-8

Rostami, A. et al. (2021) Update on SARS-CoV-2
seroprevalence: regional and worldwide. Clin. Microbiol.
Infect. 27, 17621771

von Braun, A. et al. (2019) Schistosoma and other relevant
helminth infections in HIV-positive individuals - an
overview. Trop. Med. Infect. Dis. 4, 65

Desai, P. et al. (2021) Helminth-virus interactions: determinants
of coinfection outcomes. Gut Microbes 13, 1961202

Fulton, R.B. et al. (2010) Foxp3* CD4 regulatory T cells
limit pulmonary immunopathology by modulating the
CD8 T cell response during respiratory syncytial virus in-
fection. J. Immunol. 185, 2382-2392

Wolday, D. et al. (2021) Chronic immune activation and
CD4* T cell lymphopenia in healthy African individuals:
perspectives for SARS-CoV-2 vaccine efficacy. Front.
Immunol. 12, 1-9

Ramirez, J.D. et al. (2020) SARS-CoV-2 in the Amazon re-
gion: a harbinger of doom for Amerindians. PLoS Negl.
Trop. Dis. 14, 1-10

. Lucas, C. et al. (2020) Longitudinal analyses reveal immuno-

logical misfiring in severe COVID-19. Nature 584, 463-469

. Szabo, P.A. etal. (2021) Longitudinal profiing of respiratory and

systemic immune responses reveals myeloid cell-driven lung in-
flammation in severe COVID-19. Immunity 54, 797-814.e6

. Campbell, L. et al. (2019) ILC2s mediate systemic innate

protection by priming mucus production at distal mucosal
sites. J. Exp. Med. 216, 2714-2723

. Fadista, J. et al. (2021) Shared genetic etiology between

idiopathic pulmonary fibrosis and COVID-19 severity.
eBioMedicine 65, 103277

Wait, L.F. et al. (2020) Do parasite infections interfere with
immunisation? A review and meta-analysis. Vaccine 38,
5582-5590

. Hartmann, W. et al. (2019) Helminth infections suppress

the efficacy of vaccination against seasonal influenza. Cell
Rep. 29, 2243-2256.e4

Trends in Parasitology, April 2022, Vol. 38, No. 4 279



https://doi.org/10.1016/j.pt.2022.01.007
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0005
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0005
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0005
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0005
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0010
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0010
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0010
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0015
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0015
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0015
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0020
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0020
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0020
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0025
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0025
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0025
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0030
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0030
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0035
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0035
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0035
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0035
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0035
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0040
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0040
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0040
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0040
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0040
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0045
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0045
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0045
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0050
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0050
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0055
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0055
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0055
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0060
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0060
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0060
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0065
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0065
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0065
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0070
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0070
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0070
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0075
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0075
http://refhub.elsevier.com/S1471-4922(22)00008-3/rf0075
CellPress logo

	Helminths and COVID-�19 susceptibility, disease progression, and vaccination efficacy
	Unanswered questions in SARS-CoV-2 interactions with helminth infection
	Does helminth infection increase susceptibility to SARS-CoV-2 infection?
	Does helminth infection affect COVID-19 disease progression and patient outcomes?
	Are SARS-CoV-2 vaccines equally effective in helminth-infected individuals?
	Concluding remarks
	Acknowledgments
	Declaration of interests
	References




