Worms and diabetes mellitus — questioning the dichotomy of infectious
diseases versus NCDs

Infectious diseases versus NCDs should be no longer understood as a dichotomy, but a
complex interrelationship of numerous factors related to the homeostasis of humans.

We are used to distinguishing between infectious- and non-infectious diseases. The latter is
commonly abbreviated as NCDs. Often NCDs are characterized as chronic diseases while
infectious diseases are thought to be acute and of short duration. This point of view is not
entirely valid. There are infectious diseases being chronic, such as tuberculosis. On the other
hand, the so-called chronic diseases may be caused, at least partly, by infections. Cervical cancer
is a good example, for which human papillomaviruses, HPV 16, and HPV 18, are cofactors (1).
The beneficial development, after realizing the interplay amongst cervical cancer and virus is the
development of vaccines to protect young females from the malignancy (2). The advantage of
the vaccines are still under discussion (3, 4), but vaccination is encouraged by WHO and three
vaccines are available all over the world.

Nutritional status, diabetes, and infections

However, infectious diseases and NCDs are not only correlated in that particular infective
particle might be the causes for certain NCDs. The present Covid-19 pandemic is a telling
example of how general metabolic conditions of the population determine the course of the virus
infection through the population (5). The nutritional status, to be overweight and obese, and the
prevalence of NCDs, such as diabetes mellitus, elevate the risk to fall seriously sick and
eventually succumb to the infection. It seems justified to divert from reflecting infectious
diseases versus NCDs as a dichotomy. Public Health should be accustomed to a more holistic
view of health and diseases. Not only that infections and NCDs could be linked in such a way,
that that one could determine the outcome of the other. A recent publication, about parasitic
infections and diabetes mellitus, is an astonishing example of even a ‘reverse’ interaction of
infection and a common NCD triggered by the immune system (6).

Human parasitology

Parasites are organisms belonging to the eucaryotes. Their cells resemble in a number of aspects
human cells, such as having a nucleus, and that makes parasites different from viruses and
bacteria. They are with us since prehistoric times (7). Many parasites stay within the human
organism in a symbiotic relationship, causing only minor discomfort or even are unrecognized.
Human parasitology focus on endo- and ectoparasites. Endoparasites are living in selected
organs, such as the gut, bladder, liver, or blood or bile ducts. Infections with ectoparasites occur
superficially, i.e. at the skin. Among the endoparasites there are protozoan organisms’, such as
Plasmodium vivax, causing some kind of malaria, and helminth also referred to as intestinal
worms. Among the intestinal worms there are tapeworms, such as hookworm, and flukes, such as
the small liver fluke.

Worms and insulin resistance
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Recently a number of studies showed that those with helminth infections had a lower prevalence
of type 2 diabetes mellitus (T2DM) compared with controls without the worms. It seems, that
those harboring the worm are somehow protected from T2DM. While testing about 650 adults
with and without one or more intestinal worms, insulin resistance (determined by HOMA-IR)
was lower in those infected with worms (8). The findings from Flores island, Indonesia was
supported by results from a group of Aboriginals from Australia. Those with prior infections
with Strongyloides stercoralis (Ss) had a lower risk to develop T2DM than those non-infected
(9). Similar results were obtained from different kind of worms affecting different organs such as
lymphatic filariasis, highly prevalent in India (10), and schistosomiasis (Schistosoma mansoni)
in China (11).

The reverse effect of some worms on diabetes

Why helminthic infection has a reverse effect on the development of T2DM in that non-infected
persons tend to have a higher risk to acquire diabetes and show increased insulin resistance. The
answer is linked to the immune system. Along with the development of T2DM, a ‘pro-
inflammatory cytokine’s response is activated (10, 12). This ultimately results in insulin
resistance and metabolic derangements of glucose and lipid metabolism (13). Helminth
infections, however, trigger a so-called Type 2 immune response, elevating regulatory cytokines
(14). It appears that the immune response of helminth infections works against the effect of the
pro-inflammatory cytokines and chemokines initiated by T2DM, and through this mechanism
protect, to a certain extent, those infected by helminth to acquire T2DM.

Rajamanickam et al. (2020) (6) found that individuals with Ss and T2DM had lower levels of
pro-inflammatory cytokines and chemokines compared with non-infected T2DM persons.,
Treating the parasite infection the cytokine and chemokine plasma levels increased significantly
in the formerly infected individuals, still retaining T2DM.

The variability of the interrelationship of worms and man

The protective effect of helminths towards T2DM is not shared by all kinds of such worms.
Strongyloides stercoralis belongs to the so-called soil transmitted helminth. In tropical areas,
particularly in low- and middle-income countries, these worms are highly prevalent. The infected
persons pass the eggs of the worm with the feces. In case hygienic standards are low and latrines
are not available or used, defecation occurs under the sky. In case the feces are dropped on the
soil, suitable for the further development of the parasite, an infective larva eventually enters the
host by invading the skin of the barefoot. A number of these kinds of worms settle into the gut.
In response to evolution, the parasite cohabitates with the bacterial microbiota modulating host
immunity (15). Through these mechanisms ‘evolutionary forces’ enables the host and the worm
to survive over a long time. The result reported here is an example, that not only survival is
assured but also comorbidities are modulated involving the host’s metabolism. Reactions
however might be seriously different from one parasite to the other. Among the intestinal worms,
there are species different from the soil-transmitted helminths, called flukes or trematodes. The
life cycle of trematodes is complex. For instance, the infective agent of Schistosoma mansoni,
prevalent in red China, develops in water and invades humans, by penetrating the skin while
standing in the water. The reaction of the metabolism to this trematode is similar as described
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above for the soil-transmitted helminths. This is not true to Opisthorchis viverrini (Ovi), a fluke
prevalent in Thailand and Lao PDR. The parasite survives in the bile duct, is able to neutralize
bile acids, and by this prevents being digested. It feds on lipoprotein metabolites, and extensively
damage the hepatobiliary system (16). Epidemiological reasoning hints towards T2DM as a
factor exacerbating the risk of Ovi infection towards cholangiocarcinoma (CCA) (17). Results
from laboratory animals and cell culture investigations strongly support the connection of Ovi,
through T2DM towards CCA (18). Supposedly, the Khon Khean Province at the Northeast of
Thailand is the center of CCA in the World. As mentioned above, public health, especially for
countries like Thailand, infectious diseases versus NCDs should be no longer understood as a
dichotomy, but a complex interrelationship of numerous factors related to the homeostasis of
humans.
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