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Abstract: Background: Ascaris lumbricoides infestation is a common helminthic infection in
endemic areas and can lead to a major effect on the inflammatory and immune biomarker status of
the aging population, which already exhibits impaired immunosenescence and low-grade chronic
inflammation. Aims of the study: This study aimed to evaluate the impact of Ascaris lumbricoides
infection on inflammatory and immune biomarkers among the elderly population and to determine
the association between parasitic load and systemic immune response alterations. Methodology:
This case—control study was conducted from June 10, 2025, to January 2, 2026, to assess the impact
of Ascaris lumbricoides infection on inflammatory and immune biomarkers in individuals aged =60
years. Seventy-five infected patients and 40 age-matched healthy controls were enrolled. Diagnosis
was confirmed by stool microscopy and Kato-Katz quantification. Blood samples were collected for
hematological analysis and measurement of CRP, ESR, cytokines (IL-6, TNF-q, IL-4, IL-10), and total
IgE using ELISA and standard laboratory methods. Result: Baseline characteristics were comparable
between groups, with no significant differences in age, BMI, sex distribution, hypertension, or
diabetes. Infected elderly individuals showed significantly higher inflammatory markers (CRP, IL-
6, TNF-a, ESR) and elevated immune biomarkers, including IgE, eosinophils, IL-4, and IL-10 (p <
0.001). Hematological changes included leukocytosis, lymphocytosis, reduced neutrophils, and
mild anemia. Parasitic load positively correlated with CRP, IL-6, IgE, and eosinophils, indicating
infection-intensity—dependent inflammatory and Th2 immune activation. Conclusions: Ascaris
lumbricoides infection in the elderly significantly enhances systemic inflammation and Th2-
mediated immune activation, likely due to persistent antigenic stimulation and age-related immune
dysregulation, contributing to leukocytosis, eosinophilia, and mild anemia in an already vulnerable
aging immune system.
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1. Introduction

Ascaris lumbricoides is among the most common soil-borne helminths in the world
and a serious health issue to the people especially in developing countries where
sanitation is substandard and access to clean drinking water is limited [1]. The number of
people infected around the world is estimated to be hundreds of millions of people, with
the greatest concentration being witnessed in the tropical and subtropical regions. Despite
the common belief that the infection is a childhood morbidity factor, there is growing
evidence that an older population, in endemic areas, is susceptible to the infection because
of continuous exposure to the environment, impaired immune system, and physiological
deterioration. This notwithstanding, the literature on helminth studies has traditionally
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included pediatric cohort studies, so there are critical knowledge gaps on the
immunological effects of Ascaris infection among adults [2],[3].

A. lumbricoides life cycle constitutes ingestion of eggs of embryones, larvae
development through the lungs, and maturation in the small intestine. This complicated
migratory action subjects the host immune system to habitual antigenic stimulation
leading to localized and systemic immune response [3]. A T helper 2 (Th2)-type immune
response, characterized by elevated secretion of interleukin-4 (IL-4), interleukin-5 (IL-5),
interleukin-13 (IL-13), immunoglobulin E (IgE), and eosinophilia is the classical response
to helminth infections. Such responses play critical roles in the expulsion of parasites as
well as repair of tissues but can also play a role in long term immune control and
inflammatory changes [4].

Alongside Th2 polarization, helminth infections may trigger regulatory immune
pathways that relate to interleukin-10 (IL-10) and transforming growth factor-beta (TGF-
2) that restrain excessive inflammation and avoid tissue damage [5]. This
immunomodulatory property has given rise to the hygiene hypothesis and autoimmune
and allergic diseases may be suppressed by helminthic therapy. However, the immunity
against Ascaris lumbricides is not suppressive consistently [6]. There may also be
considerable systemic inflammation of the infection, which is manifested by high levels
of acute-phase proteins including C-reactive protein (CRP), high erythrocyte
sedimentation rate (ESR), and high levels of pro-inflammatory cytokines as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-alpha), depending on the severity of the
infection, its chronology, and the nutritional status of the host, and genetic predisposition
[7].

The immunology of the elderly population is unique. Immunosenescence is linked
with aging, which is less adaptive and less naive T-cells generation, and the inability to
clear pathogens. At the same time, older adults develop a persistent low-grade
inflammatory condition known as inflammaging due to the constantly high levels of pro-
inflammatory cytokines [8]. Such a dual phenomenon can change the host-parasite
interactions, possibly increasing inflammatory reactions or disrupting the successful
regulation of an immune response in helminth infection. Consequently, Ascaris infection
in older individuals may not be immunologically tracked by the same patterns as it occurs
in the younger population [9],[10].

In addition, the helminth infections may also cause hematological changes, including
eosinophilia, leukocyte, and anemia. Although less so with blood-feeding parasites like
hookworms, chronic intestinal inflammation, nutritional competition, and impaired
micronutrient absorption caused by Ascaris may increase the severity of anemia in older
people who already have a higher risk of it due to comorbidities and nutritional
deficiencies in old age. Such changes can also have an additional effect on systemic
inflammatory biomarkers and general immune homeostasis [11],[12].

The knowledge of the connection between infection with Ascaris lumbricoides and
inflammatory and immune biomarkers in the elderly is especially significant due to a
number of reasons. To begin with, chronic inflammation among elderly people is closely
associated with heart diseases, metabolic illnesses, weakness, and mortality [13]. Second,
immune dysregulation can have an impact on the predisposition to secondary infections
and vaccine responses. Third, proper characterization of biomarker patterns may be used
to differentiate between parasite-induced immune response and other chronic
inflammatory diseases that occur in aging populations [14].

Although helminth infection is relatively common in endemic areas, little study has
been done specifically on the cumulative inflammatory and immunological effect of the
Ascaris lumbricoides infection in aging people. The bulk of available data are those based
on children or mixed age groups, and it is hard to make extrapolation to older people [15].
As such, the current study was geared towards exploring the effects of Ascaris
lumbricoides infection against major inflammatory and immune biomarkers in elderly
population and specifically pro-inflammatory cytokines, Th2-related biomarkers,
immunoglobulin E concentrations and hematological measurements. By clarifying these
relationships, this research will contribute to a cumulatively improved comprehension of
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the hemodendosymbiotic immune modulation of helminths in elderly individuals as well
as the direction of particular public health and clinical intervention in endemic localities.

2. Materials and Methods

The case-control analytical study was done between June 10, 2025, and January 2,
2026, to determine the effects of the Ascaris lumbricoides infection on inflammatory and
immune biomarkers in the elderly population of 60 years and above. One hundred and
fifty subjects were recruited and were split into two groups: 75 elderly patients with
laboratory-proven Ascaris lumbricoides infection and 40 seemingly healthy age matching
controls with negative stool analyses. The infection diagnosis was based on direct stool
microscopy with saline and iodine wet mounts, then on formalin-ether concentration
technique, and evaluation and quantification of the egg burden using the concentration
technique, and the results were presented in the form of egg per gram (EPG) of stool to
determine the extent of parasitic load. The inclusion criteria included: age (at least 60
years), patient group confirmed infection, and controls had negative parasitological
findings; and exclusion criteria included coinfection with other intestinal parasites, recent
acute infections, chronic inflammatory or autoimmune disease, malignancy,
immunosuppressive treatment, and severe hepatic/renal dysfunction, and recent anti-
helminthic treatment (last three months) to control confounding factors. Each participant
had around 5-7 mL of venous blood aseptically collected; 2 mL of this sample was put in
theory EDTA tubes to be subjected to the complete blood count test and the rest of the
sample was collected in plain tubes where the serum was allowed to clot and then
centrifuged at 3000 rpm and 10 minutes after which the separated serum was stored at -
20 degrees Celsius awaiting analysis. Hematological parameters were measured on
automated hematology analyzer and inflammatory biomarkers such as C-reactive protein
(CRP) were measured on immunoturbidimetric methods, erythrocyte sedimentation rate
(ESR) was measured by the Westerngren method and cytokines (IL- 6, TNE- alpha, IL-4
and IL-10) and total IgE were measured using standardized enzyme-linked
immunosorbent assay (ELISA) kits as per the manufacturers protocols
Statistical analysis:

Data analysis was done by using the SPSS version 26. Continuous variables were
reported as the mean standard deviation (SD), but categorical ones were reported in the
form of frequencies and percentages. Normally distributed variables were tested through
independent samples t-test and Pearson correlation analysis was carried out to determine
the relationship between parasitic load and biomarkers. The statistical significance was
taken as p-value less than 0.05.

Ethical approval:

The study was approved by the human ethics committee of Thi-qar health directorate,
Alhabbobi teaching hospital, Everyone who took part in the study was told about it and
asked to sign a consent form. The patient was also guaranteed that his information would
be kept private.

3. Results and Discussion
Results
Baseline comparison between infected patients (n=75) and healthy controls (n=40)
Table 1 demonstrates that there were no statistically significant differences between
Ascaris lumbricoides—infected elderly patients and healthy controls regarding age (67.4 +
5.8 vs. 66.9 £ 6.1 years, p = 0.648) or BMI (26.1 + 3.9 vs. 25.8 + 4.2 kg/m?, p = 0.712). The
distribution of males and females was comparable between groups (p = 0.821). Similarly,
the prevalence of hypertension (52.0% vs. 47.5%, p = 0.657) and diabetes mellitus (37.3%
vs. 32.5%, p = 0.604) did not differ significantly. These findings indicate appropriate
baseline matching between the two study groups.
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Table 1. Sociodemographic and Clinical Characteristics of Elderly Participants with
and without Ascaris lumbricoides Infection

Variable Ascaris Patients (n=75) Controls (n=40) p-value

Age (years) 67.4+5.8 66.9+6.1 0.648
Male, n (%) 41 (54.7%) 21 (52.5%) 0.821
Female, n (%) | 34 (45.3%) 19 (47.5%) 0.821
BMI (kg/m?) 26.1+3.9 25.8+4.2 0.712
a .

YPErension, | 39 (55 09%) 19 (47.5%) 0.657
n (%)
Diabetes o o
Mellitus, n (%) 28 (37.3%) 13 (32.5%) 0.604

Serum inflammatory markers presented as mean + standard deviation (SD)

As shown in Table 2, elderly patients infected with Ascaris lumbricoides exhibited
significantly elevated inflammatory biomarkers compared to healthy controls. CRP levels
were markedly higher in patients (14.8 + 6.2 mg/L) than controls (4.9 + 2.1 mg/L, p <0.001).
Similarly, IL-6 (22.5 £ 8.7 vs. 8.4 £ 3.6 pg/mL, p <0.001) and TNF-ax (18.3 +6.4 vs. 7.9 +2.8
pg/mL, p <0.001) were significantly increased. ESR values were also substantially elevated
ininfected individuals (36.7 + 11.2 vs. 15.6 + 6.3 mm/hr, p <0.001), indicating a pronounced
systemic inflammatory response associated with parasitic infection.

Table 2. Comparison of Inflammatory Biomarkers between Elderly Patients with
Ascaris lumbricoides Infection and Healthy Controls

Parameter Patients (n=75) Controls (n=40) p-value
CRP (mg/L) 14.8 £6.2 49+21 <0.001
IL-6 (pg/mL) 22.5+8.7 84+3.6 <0.001
TNF-a (pg/mL) 183+6.4 79+28 <0.001
ESR (mm/hr) 36.7+11.2 15.6 £ 6.3 <0.001

Th2-associated cytokines and immunoglobulin levels expressed as mean + standard
deviation (SD)

Table 3 shows a marked elevation in immune response biomarkers among elderly
patients infected with Ascaris lumbricoides compared to controls. Total IgE levels were
significantly higher in patients (328.4 + 115.7 IU/mL) than in healthy individuals (92.6 +
41.3 IU/mL, p < 0.001). Eosinophil percentages were also substantially increased (8.9 +
3.2% vs.2.1+1.0%, p <0.001). Moreover, Th2-related cytokines IL-4 (16.2+5.4 vs. 6.7 £2.3
pg/mL, p < 0.001) and IL-10 (12.4 + 4.1 vs. 7.2 + 2.6 pg/mL, p < 0.001) were significantly
elevated, indicating a strong type-2 immune activation associated with helminth infection.

Table 3. Comparison of Immune Response Biomarkers in Elderly Individuals with
Ascaris lumbricoides Infection and Healthy Controls

Parameter Patients (n=75) Controls (n=40) p-value
Total IgE (IU/mL) 328.4 £ 115.7 92.6 +41.3 <0.001
Eosinophils (%) 89+3.2 21+1.0 <0.001
IL-4 (pg/mL) 16.2+5.4 6.7+2.3 <0.001
IL-10 (pg/mL) 124+4.1 72+2.6 <0.001

Complete blood count parameters expressed as mean * standard deviation (SD)

Table 4 demonstrates significant hematological alterations among elderly individuals
infected with Ascaris lumbricoides. Total WBC count was significantly higher in patients
compared to controls (9.6 + 2.3 vs. 6.8 + 1.7 x10%/uL, p < 0.001). In contrast, hemoglobin
levels were significantly lower in infected participants (11.8 £ 1.4 vs. 13.2 + 1.1 g/dL, p <
0.001), indicating mild anemia. Lymphocyte percentages were elevated in patients (34.5 +
7.6% vs. 28.2 +6.9%, p =0.002), whereas neutrophil percentages were significantly reduced
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(612 = 84% vs. 60.7 = 7.5%, p < 0.001). These findings reflect infection-associated
leukocytosis and immune modulation in the elderly population.

Table 4. Hematological Profile of Elderly Patients with Ascaris lumbricoides
Infection Compared to Healthy Controls

Parameter Patients (n=75) Controls (n=40) p-value
WBC (x10%/uL) 9.6+23 6.8+1.7 <0.001
Hemoglobin (g/dL) | 11.8+14 13.2+1.1 <0.001
Lymphocytes (%) 345+7.6 28.2+6.9 0.002
Neutrophils (%) 51.2+84 60.7 +7.5 <0.001

Pearson correlation analysis among infected participants (n =75)

Table 5 reveals significant positive correlations between parasitic load and major
inflammatory and immune biomarkers among infected elderly patients. Parasitic burden
showed a moderate positive correlation with CRP (r = 0.58, p <0.001) and IL-6 (r =0.49, p
<0.001). A stronger association was observed with total IgE levels (r=0.71, p <0.001) and
eosinophil percentage (r = 0.64, p <0.001). These findings indicate that increasing infection
intensity is directly associated with amplified systemic inflammation and enhanced Th2-
mediated immune activation.

Table 5. Correlation between Parasitic Load and Key Inflammatory and Immune
Biomarkers in Elderly Patients with Ascaris lumbricoides Infection

Parameter r-value p-value
Parasitic Load vs CRP 0.58 <0.001
Parasitic Load vs IgE 0.71 <0.001
Parasitic Load vs IL-6 0.49 <0.001
Parasitic Load vs Eosinophils 0.64 <0.001

Discussion:

The current paper has shown that the elderly patients with Ascaris lumbricoides
showed a strong systemic inflammatory and Th2-biased immune response as compared
to the healthy controls. Notably, sociodemographic and clinical characteristics (age, sex
ratio, BMI, hypertension, and diabetes) at baseline were too similar between groups,
which limited the effects of confounding bias and enhanced the internal validity of
reported biomarker differences. This similarity of baselines makes it possible to suggest
that occurrence of helminth infection in the first place and lack of demographic/metabolic
variations could be considered to explain the presence of the identified immunological
and hematological changes [16].

Infected elderly subjects had a high increased inflammatory biomarker (CRP, IL-6,
TNF-a, and ESR). These findings are in accordance with the current researches that have
indicated that helminth infections can cause systemic inflammatory responses,
particularly in case of chronic or heavy infections [17]. In spite of the conventionally
recognized anti-inflammatory or immunomodulatory effects of helminths, in particular,
through IL-10 production, multiple studies have demonstrated that A. lumbricoides
larvae can stimulate acute-phase reactants and pro-inflammatory cytokines during tissue
migration [18]. The high levels of IL-6 and TNF-a in our research could be a result of
continuous intestinal mucosal irritation and immune stimulation, particularly in older
persons with the characteristics of inflammaging inflammation state chronic low-grade
inflammation [19]. Such baseline of age-related inflammation may enhance a response of
cytokines to parasitic antigens, which can be attributed to the vastness of the differences
between this condition and controls [19].

On the other hand, other reports indicate that chronic helminth infections subdue the
systemic inflammation by regulation pathways and can actually decrease autoimmune or
allergic diseases [20]. This difference between our study and those studies could be
connected with age groups differences, infection severity, chronicity, and comorbidity.
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Numerous immunosuppressive observations in young adult or pediatric groups were
observed, but the immune system of the elderly is an immunosenescence state with
dysregulated cytokine secretions. Hence, rather than an exclusively regulatory
phenotype, older patients can have a combination of inflammatory-regulatory phenotype
[21].

We also found significant increases in total IgE and eosinophil percentages and Th2-
related cytokines (IL-4 and IL-10) in infected patients. This is much in line with already
established immunological paradigms of helminth infection, in which Th2 polarization is
predominant [22]. B-cell class switching to IgE is stimulated by IL-4, whereas eosinophil
activation and survival is generally facilitated by IL-5 (which was not measured in this
case). The typical responses to A. lumbricoides include elevated IgE and eosinophilia
which have been repeatedly observed in endemic populations [23]. This close positive
relationship between parasitic load and IgE (r = 0.71) also supports the idea that the
response of humoral hypersensitivity to antigenic burden is dose-dependent, which is
further supported by the close positive relationship between parasitic load and IgE (r =
0.71).

Interestingly, IL-10 was much-increased as well. Although the IL-10 is traditionally
anti-inflammatory, its rise during helminth infection is viewed as a regulating response
that supports tissue damage due to excessive tissue inflammation by Th2 [24,25].
According to some studies, there is an increase in the levels of IL-10 that are reported to
be related to chronic stages of infection and indicate an adaptive immune tolerance
phenomenon [26]. Disagreements in studies can be based on the type of infection and its
acute, chronic, or repetitive occurrence, genetic and environmental exposures.

Hematological evidence showed the presence of leukocytosis, lymphocytosis and low
hemoglobin in the infected people. WBC count is higher which is consistent with immune
activation caused by infection [27], and higher percentages of lymphocytes indicate
adaptive immune activities. The lower percentage of neutrophils relative to the controls
might be an indication of lymphocyte and eosinophil responses characteristic in parasitic
and not bacterial infections. Subclinical blood loss (helminth burden) may be associated
with mild anemia in patients (reduced hemoglobin) and may be caused by chronic
inflammation of the intestine or nutrient malabsorption [28]. Though A. lumbricoides is
not a blood-feeding parasite such as hookworm, chronic gastrointestinal inflammation
and micronutrient (e.g. iron, vitamin A) competition could also lead to anemia in older
adults with marginal nutritional reserves [29].

The biological plausibility of these findings is further proven by the correlation
analysis. Strong positive correlations between parasitic load and CRP, IL-6, IgE, and
eosinophils point to these specific correlations as being dependent on the intensity of
infection. This is a similar dose-response pattern that has been observed in the
epidemiology of helminth whereby an increasing number of egg counts has been related
to an increasing magnitude of Th2 cytokine response and an increasing magnitude of IgE
titers [30,31]. The support of these correlations to the causal relationship between parasite
burden and immunomodulation is possible on the systemic scale [31].

However, there are some conflicting results that indicate the low level of systemic
inflammation in steady helminthiasis [32]. These discrepancies may be explained by
variations in the species of parasites, host age, nutritional status, microbiome composition
and coinfections. Additionally, helminth immunology research to date has
underrepresented the use of older populations and the immune system remodelling
during old age may significantly alter the host-parasite relationship compared to younger
populations [33].

4. Conclusion

On the whole, the current results suggest that the Ascaris lumbricoides infection in
older patients could be viewed as a combination of pro-inflammatory and Th2-regulatory
immune responses, accompanied by a hematological change and the increase in the level
of biomarkers depending on the level of the infection. This effect of helminth-induced
immune polarization on immune dysregulation in old age is likely the reason behind the
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scale and trend of these alterations. These findings improve the comprehension of the
immunobiology of helminth in older patients and accentuate the necessity of age-
stratified immunological monitoring in the endemic areas.
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