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Abstract 

Immunopathology of human tuberculosis (TB) in a subgroup of patients is characterized by aberrantly high concen‑
trations of inflammatory cytokines, for example Interleukin (IL)‑6. Concomitant (co‑)infections by parasites can affect 
host immunity, but the impact on immunopathology in TB patients is poorly defined. Here we characterized a group 
of patients with TB ( n = 76) from Ghana with different protozoan and helminth co‑infections. Plasma cytokines were 
measured at the onset of disease and anti‑mycobacterial treatment efficacy was monitored during disease course. 
A subgroup of TB patients had co‑infections with protozoan (n = 19) or helminth (n = 16) parasites. Plasma analy‑
ses for candidate cytokines identified lower levels of IL‑6 in parasite co‑infected patients with TB. Moreover, it took 
less time for co‑infected patients to become sputum‑negative for Mycobacterium tuberculosis during treatment. These 
results indicated an influence of parasite co‑infections on immunopathology in TB and suggested positive effects 
on treatment efficacy.
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Introduction
Mycobacterium tuberculosis, the causative agents for 
tuberculosis (TB), as well as various parasites (e.g., pro-
tozoa, helminth) of humans are frequently found in 
sub-Saharan Africa. In this region parasite co-infections 
are inevitable, and these have been shown to affect TB 
disease manifestation and severity in previous studies 
[1]. There is ample evidence that interference between 
immune responses against different types of infectious 
agents contributes to this phenomenon [2]. Immune 
polarization and regulation are important mechanisms, 
which have been studied in detail [3, 4].

In contrast less is known about possible effects of para-
site co-infections on immunopathology found in some 
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chronic infectious diseases like COVID19. Here, immu-
nopathology is characterized by aberrant strong cytokine 
secretion with harmful side effects [5–8]. Especially, 
patients with severe COVID19 are prone to develop 
immunopathology with often deadly outcomes [8]. 
Host-directed treatment regimens have been shown to 
be helpful in patients with severe COVID19 and immu-
nosuppressive drugs as well as biologicals against key 
cytokines, like IL-6, showed promising results [9–11]. 
Immunopathology is also seen in a subgroup of patients 
with pulmonary TB and these show hyperinflamma-
tion accompanied by impaired immune responses in the 
blood [5, 12–14]. Disease severity and treatment out-
come have been found to be associated with immunopa-
thology in patients with TB [15–17]. Moreover, a study 
by DiNardo et  al. identified a gene signature of blood 
immunopathology in different cohorts of TB patients 
and provided evidence that immunopathology classifies 
distinct endotypes of pulmonary TB in humans [18]. Key 
cytokines of inflammation are increased in the TB immu-
nopathology, with IL-6 emerging as a particularly prom-
ising marker [19–22]. As a result of the inflammatory 
cytokine milieu in the blood, constitutive phosphoryla-
tion of STAT3 and high concentrations of the key inhibi-
tor SOCS3 were found to impair the T cell response in 
TB patients [13, 23]. High IL-6 plasma concentrations 
at disease onset were associated with impaired T cell 
responses and delayed sputum conversion in TB patients 
[21, 22, 24].

In the present study, we recruited and characterized 
a study group of patients with TB for the occurrence of 
several parasite co-infections, including protozoan and 
helminth pathogens. The diverse picture of co-infections 
prompted us to determine effects in all parasite co-
infected individuals as well as in subgroups of either pro-
tozoan or helminth co-infected individuals compared to 
patients with TB without detected co-infections. Plasma 
cytokine levels and sputum conversion during anti-myco-
bacterial treatment were compared between the cohorts.

Methods
Recruitment and diagnosis of patients with TB
We recruited patients with pulmonary TB (n = 76) 
between April 2019 and September 2021 at the Agogo 
Presbyterian Hospital, the St Mathias Catholic Hospital, 
the Atebubu District Hospital, and the Sene West Dis-
trict Hospital in Ghana. Diagnosis of acute TB was based 
on patient history, clinical examination, chest X-ray, 
as well as sputum tests for acid-fast bacilli. All patients 
had chest X-ray and clinical symptoms suggestive of TB. 
Laboratory tests (i.e., sputum smear, culture, GeneX-
pert) confirmed diagnosis for all TB patients. All patients 
were sputum positive for M. tuberculosis at baseline, and 

this was the first known episode of TB for all included 
patients. Heparinized blood as well as sputum samples 
were taken prior to initiation of treatment. In addition, 
sputum samples were retrieved at different time points 
after onset of treatment (i.e., 6, 9, 12, and 16 weeks) and 
were analyzed by smear microscopy and culture. Not all 
patients were present at the different time points and 
contamination of mycobacterial culture (Becton Dickin-
son BACTEC™ MGIT™, USA) also affected the number 
of sputum results (i.e., mycobacteria positive or negative) 
per time point. The numbers of included sputum tests are 
indicated in Fig. 2a.

Diagnosis of parasite co‑infection
All included patients were comprehensively analyzed 
for co-infections by different parasite species. Whole 
blood tests for rapid detection of antibodies against Plas-
modium falciparum (ALERE™ Malaria Pf HRP2 Ag), 
Onchocerca volvulus and Wuchereria bancrofti (Stand-
ard  Diagnostics  BIOlineTM Oncho/LF IgG4 biplex test 
kit) were performed according to manufacturers’ instruc-
tions to screen for P. falciparum, O. volvulus and W. ban-
crofti infections. In addition, blood microscope analyses 
for identification of O. volvulus, W. bancrofti and Man-
sonella perstans microfilariae was done. In brief, whole 
blood (1000 µl) was passed through a Whatman filter and 
the membrane was fixed with methanol (3 ml). Thereaf-
ter the filter membrane was washed with distilled water 
and dried on a slide overnight. Giemsa staining was then 
performed and the slides were examined under a light 
microscope at 10 to 40 × magnification.

Stool and urine examinations were performed for 
detection of intestinal and urinary parasites (i.e., Giardia 
lamblia, Ascaris lumbricoides, hookworms (Ancylostoma 
duodenale/Necator americanus), Strongyloides stercora-
lis, Schistosoma mansoni). In brief, stool (1 g) was fixed 
in 10% formalin (10 ml) and the suspension was filtered 
through a sieve into a falcon tube. Then diethyl ether 
(3 ml) was added and centrifuged at 300 g for 5 min. The 
supernatant was discarded and two smears were taken on 
glass slides, which were then examined under the micro-
scope at 10 to 40 × magnification for ova, cysts or larvae 
of intestinal parasites. Urine (10  ml) was centrifuged at 
300 g for 5 min and the supernatant was discarded there-
after. A remaining drop of sediment was then re-sus-
pended and pipetted onto slide covered with a coverslip. 
The sediment slide was examined under the microscope 
at 10 to 40 × magnification for ova, cysts or larvae of 
intestinal parasites.

On this basis TB patients without co-infections (n = 41) 
or with any parasite co-infection (n = 35) were classi-
fied. TB patients with parasite co-infections were fur-
ther subdivided into protozoa-infected (n = 19) and 
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helminth-infected (n = 16) subgroups. Co-infections 
with more than one protozoa/helminth species were not 
seen. Patient subgroup characteristics are summarized in 
Table 1.

Plasma cytokine analysis using the cytometric bead assay 
(CBA)
Blood plasma was enriched from heparinized blood 
(5ml) from each study participant as described before 
[22]. The LEGENDplex™ Multi-Analyte Flow Assay kit 
(Custom Human Assay, BioLegend, USA) was used for 
the simultaneous detection of cytokines (i.e., IL-6, IP-10, 
IL-22, IL-10, GM-CSF, IFNγ, IL-8) in plasma samples 
according to manufacturer’s instructions and as previ-
ously described [22]. Samples were measured using a 
CytoFlex S flow cytometer (Beckman Coulter, USA) and 
data were analyzed using the cloud version of the Bioleg-
end LEGENDplex Data Analysis Software (Qognit. Inc). 
Values below the standard curve were set to 1pg/ml for 
depiction and calculations.

Statistical tests
All statistical analyses were performed using GraphPad 
Prism v9 software (GraphPad Software, La Jolla CA, 
USA). Against the background of moderate study group 
sizes, we performed non-parametric tests through-
out. The Mann–Whitney U-test was applied for plasma 
cytokine comparisons between the study groups. For 
comparison of sputum positive and sputum negative pro-
portions at individual time points the Fisher exact test 
was performed. For comparison of median time frames 
until sputum conversion, the Logrank (Mantel-Cox) test 
was done. A p-value below 0.05 was considered statisti-
cally significant. Graphs were generated using GraphPad 
Prism version 9.

Results and discussion
A total number of 76 patients with confirmed pulmonary 
TB recruited at the Ashanti region in Ghana were ana-
lyzed for endemic parasite co-infections with different 
helminth and protozoan species. Altogether 35 patients 
with TB (46.1%) had parasite co-infections and nine 
pathogens (seven helminth and two protozoan species) 
were found. P. falciparum was by far the most frequent 
co-infection (n = 15; 42.9%) and together with G. lamblia 
(n = 4; 11.4%), these two protozoan species accounted for 
the majority of parasite co-infections in this cohort.

Helminth co-infections revealed a heterogeneous 
picture and several species were detected with low fre-
quency. Only A. lumbricoides was detected in more than 
10% (n = 4; 11.4%) of parasite co-infected patients. The 
other helminths were hookworms (n = 3; 8.6%), O. volvu-
lus (n = 2; 5.8%), W. bancrofti (n = 2; 5.8%), S. stercoralis 
(n = 2; 5.8%), M. perstans (n = 2; 5.8%), and S. mansoni 
(n = 1; 2.9%). Given the low frequency of most pathogen 
species, we decided to compare the study group of TB 
patients without detected co-infection with those co-
infected with any parasite (i.e., protozoa or helminth) or 
with subgroups co-infected with a parasite from the pro-
tozoan or helminth group. Characteristics of these sub-
groups are shown in Table 1.

Sex distributions were comparable between TB patients 
with- and without parasite co-infection but a lower pro-
portion of males was seen in the helminth co-infected 
group, when compared to protozoa co-infected patients 
(p = 0.043). Next, we compared clinical symptoms of TB 
between the study groups; no significant differences were 
seen. The results suggested no significant impact of co-
infections on disease severity in TB patients.

Previous studies identified cytokine patterns in the 
plasma of TB patients that reflected immunopathology 
of affected pulmonary tissue [12]. Hence, we measured 

Table 1 Study group characteristics

*Sex differences between protozoa and helminth co-infected TB patients were significant; Fisher’s exact test, p = 0.0043. n, number; w/o, without

TB patients (w/o 
co‑infection)

TB patients (with co‑infection)

Parasite (i.e., Protozoa, 
Helminths)

Protozoa Helminths

Total number, n 41 35 19 16

Age, median (range) 54 (15–89) 41 (14–80) 44 (28–80) 35.5 (14–80)

Males, n (%) 26 (63.4) 22 (62.8) 15 (78.9) 7 (43.8)*

Symptoms

 Cough > 2 wks, n (%) 38 (92.7) 34 (97.1) 19 (100) 15 (93.8)

 Fever, n (%) 10 (24.4) 7 (20.0) 5 (26.3) 2 (12.5)

 Chest pain, n (%) 14 (34.1) 9 (25.7) 5 (26.3) 4 (25.0)

 Hemoptysis, n (%) 9 (21.1) 5 (14.3) 3 (15.8) 2 (12.5)

 Weight loss, n (%) 8 (19.5) 10 (28.6) 7 (36.8) 3 (18.8)
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the expression of seven plasma cytokines and compared 
this between the study groups. Six cytokines (i.e., IP-10, 
IL-8, IL-22, IFN-g, IL-10, GM-CSF) had similar median 
concentrations between the study groups of parasite co-
infected and non-co-infected patients (Fig. 1a). However, 
significantly lower IL-6 concentrations were detected in 
the plasma of patients with TB which were co-infected 
with parasites (Fig. 1a).

To characterize the influence of different parasite co-
infections, we next compared the cytokines between pro-
tozoa and helminth co-infected subgroups. As a result, 

no differences were seen between the subgroups for IL-6 
(Fig. 1b) or the other cytokines (data not shown). IL-6 has 
been described to be a key marker of immunopathology 
in the plasma of patients with TB, with initial studies pro-
viding evidence that IL-6 can be used to monitor treat-
ment efficacy in tuberculosis patients [22, 24]. Hence, we 
next determined sputum samples from all individuals for 
detection of mycobacteria prior to treatment and at dif-
ferent time points after onset of anti-mycobacterial treat-
ment. All patients had positive sputum samples prior 
to treatment onset but already after six weeks parasite 

Fig. 1 Plasma cytokine comparisons between TB patients with and without parasite infections. a Blood plasma levels of seven cytokines (i.e., IL‑6, 
IFN‑γ, IL‑22, GM‑CSF, IL‑10, IL‑8, IP‑10) measured by cytometric beads array (CBA) were compared in TB patients with parasites  (Pinf; bright grey circles, 
n = 41) or without (w/o) parasite co‑infections (grey triangles, n = 35). b Subgroups of parasite co‑infected TB patients with detected helminth 
(n = 16) and protozoa species (n = 19) were compared for IL‑6 plasma concentrations. a, b Symbols indicate mean values of duplicates measured 
for individual patients. Study group median values are depicted as lines. Nominal p‑values of the Mann‑Whitnes U‑test are given for significant 
differences (p < 0.05)
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Fig. 2 (See legend on next page.)
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co-infected individuals showed significantly lower pro-
portions of positive tests (54%) as compared to non-
parasite co-infected individuals (88%) (p = 0.007; Fig. 2a). 
Lower proportions of positive sputum tests were also 
seen at later time points although only significant for 
week 12 (p = 0.017; Fig. 2a). Against this background, we 
determined the time frames until sputum conversion for 
individual patients and compared durations between the 
study groups. Co-infected tuberculosis patients showed a 
more rapid response to anti-mycobacterial treatment as 
compared to individuals without parasite co-infections 
(p = 0.002; Fig. 2b). A 50% median reduction was reached 
between week six and  nine for parasite co-infected 
TB patients whereas non-parasite co-infected patients 
reached 50% median reduction at week 16 (Fig. 2b). Simi-
lar differences are seen for the subgroups of helminth and 
protozoa co-infected subgroups (data not shown). These 
results were in accordance with previous studies that 
showed more rapid treatment response in tuberculosis 
patients with low IL-6 plasma levels [22].

Our data suggests that co-infections with parasites 
affect immunopathology seen in a subgroup of patients 
with TB. Immunopathology can be interpreted as a con-
sequence of immune hypersensitivity to a particular 
infection and M. tuberculosis infection is the prototype of 
delayed-type hypersensitivity, characterized by dominant 
cellular immune activation and inflammation. There-
fore, we hypothesize that helminth and/or protozoan co-
infection reduces the effects of hypersensitivity-induced 
harmful immunopathology seen in patients with acute 
pulmonary TB [5, 12]. Parasite co-infections had no sig-
nificant effect on the severity of the disease but shortened 
the time frame to sputum conversion during anti-myco-
bacterial treatment. These results are of clinical impor-
tance since the shortening of treatment requirements is 
an important goal in efforts to eradicate human TB.
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