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Abstract 
   This cross sectional study was conducted from October 2023 to March 2024, on 170 patients 

attending Gastroenterology outpatient clinic in Benha University hospital and aimed to investi-

gate the association of intestinal parasites with H. pylori infection and the associated symptoms. 

  Stool samples were collected and examined within an hour by: direct wet smear technique, 

concentration method and Modified Ziehl-Neelsen stain. A rapid chromatographic immuno- as-

say was used for the qualitative detection of H. pylori copro-antigens in stool. All patients with 

aged ranged from 20 to 60 years old, were 73 males (42.94%) and 97 females (57.06%) pre-

senting with gastrointestinal manifestations.  

   The results showed that 103 (60.59%) patients were positive H. pylori copro-antigen in stool 

and 24 (14.12%) had different intestinal parasites. There was a significant association between 

intestinal parasites and H. pylori infection (P= 0.0001). Besides, intestinal parasites were asso-

ciated with H. pylori were in (18.45%) of positive patients, and in (7.46%) of H. pylori negative 

patients.  

 There was significant difference for different types of intestinal parasites as regarding H. pylori 

infection (P=0.007). Entamoeba histolytica 11 (10.68%) were the most frequently detected par-

asite in association with H. pylori, followed by Giardia lamblia 5 (4.85%) and Enterobius ver-

micularis 2 (1.9%). 
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Introduction 
  Intestinal parasites infect millions of peo-

ple worldwide with high probability of as-

sociated infection with Helicobacter pylori 

(Pomari et al, 2020). In some developing 

countries, the intestinal parasites can cause 

morbidity and mortality due to polluted 

water, hot humid atmosphere, poor human 

safety, and sanitation (Eyayu et al, 2021). 

H. pylori, Gram-negative helical bacilli, 

affect about 4.4 billion people (more than 

50% of the world population).  The World 

Health Organization (WHO) considers it a 

class 1 carcinogen causing peptic ulcer and 

gastric cancer (Alexander et al, 2021). 

The H. pylori infection rate is 30-50% in 

developed and 85-95% in some countries 

(Bashir and Khan, 0202). H. pylori and 

intestinal parasitic infections had recog-

nized as possible etiological factors for 

gastrointestinal symptoms such as diarrhea 

and abdominal pain (Abd El Hameed et al, 

2021). Multiple noninvasive tests are used 

to detect H. pylori antigens in stool sam-

ples, and are widely used for diagnosis and 

follow-up after antibiotic treatment (Kayali 

et al, 2018). Infection with intestinal pro-

tozoa in association with H. pylori can ag-

gravate host immune responses (Krzyżek 

and Gościniak, 2017). Co-infection with 

protozoa caused gastric mucosal damage 

(Hussain et al, 2020) 

   This study aimed to evaluate the associa-

tion between intestinal parasites and H. 

pylori among symptomatic out-patients 

attended Benha University Hospitals. 

Materials and Methods 
   Study design: This cross sectional study 

was included 170 patients who were at-

tending Gastroenterology outpatient clinic 
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in Benha University hospital and com-

plaining of gastrointestinal symptoms dur-

ing the period from October 2023 to March 

2024. Patients who had chronic illness 

such as liver, kidney or heart disease, dia-

betes mellitus, antibiotic or anti-parasitic 

therapy before 3 weeks of the study were 

excluded. A questionnaire was designed to 

obtain socio-demographic features about 

the patients such as age, sex, education, 

economic status, drinking water, residence, 

raising animals, employment status and 

their complaints. Stool samples were coll- 

ected in clean plastic containers after writt- 

en informed consents obtained from all pa-

tients. Stool samples were examined within 

an hour at Parasitology department, Facul-

ty of Medicine, Benha University by dire- 

ct wet smear technique, concentration me-

thod (Garcia, 2007) and modified Ziehl-Ne 

elsen stain (Henriksen and Pohlens, 1981).    

   A rapid chromatographic immunoassay 

was used for the qualitative detection of  

H. pylori copro-antigen in stool specim- 

ens  (Rightsign
®
, H. pylori antigen rapid 

test Cassette, (feces) REF  IHPG-C61, Ha- 

mburg, Germany) with sensitivity of > 

99.9% and specificity of 98.1% .   

   Sample size: the sample size was calcu-

lated using Epi-info software version 

7.2.5.0 based on a previous study by Seid 

et al. 0202) ) who reported a 70.3% preval- 

ence of H. pylori among upper gastrointes-

tinal symptomatic adult patients. The min-

imum sample size needed will be 165 pati- 

ents. The confidence level and margin of 

error were adjusted at 95% & 7%, respecti- 

vely 

  Ethical approval: This study was appro-

ved by the Research Ethical Committee, 

Faculty of Medicine, Benha University 

(No. RC 1-9-2023).  

   Statistical analysis: Data were collected, 

computerized and analyzed by using SPSS 

v. 20.0 (Statistical Package for Social Sci-

ences). Categorical data were expressed as 

frequency and percentages. Chi squared 

test was used to determine the difference 

and association between groups. McNemar 

test was used to determine the association 

between matched groups with categorical 

variables. Accepted significant level was at 

P=0.05, and P<0.001 highly significant. 

Results 
   The170 patients with age ranges between 

20 to 60 years old, included 73 males 

(42.94%) and 97 females (57.06%) with 

gastrointestinal manifestations. After stool 

examination and H. pylori copro-antigen 

detection test, we had get 4 groups; GI: 

intestinal parasitic infection  positive pa-

tients included 24 (14.12%) of patients, 

GII: H. pylori infection positive patients 

included 103(60.59%) of patients, GIII: 

(associated infection) positive patients for 

both parasitic and H. pylori infection in-

cluded 19 (11.18%) of patients, and G IV: 

patients negative for both parasites and H. 

pylori infection included 62 (36.47%) of 

total patients. There was a significant asso-

ciation between intestinal parasites and H. 

pylori (P=0.0001).  The intestinal parasites 

were in (18.45%) of H. pylori patients, and 

in (7.46%) of H. pylori negative ones.  

There was a significant difference with dif-

ferent intestinal parasites as to H. pylori 

infection (P=0.007). Intestinal protozoa, 

21(87.5%) of patients positive for intesti-

nal parasites, were more frequent than in-

testinal helminthes 3(12.5%). Entamoeba 

histolytica 11(10.68%) were the common 

parasite associated with H. pylori patients, 

followed by Giardia lamblia 5(4.85%) and 

Enterobius vermicularis 2 (1.9%). 

   Socio-demographic characters of partici-

pants showed that128 (75.29%) were edu-

cated, 96 (56.47%) were rural residents, 99 

(58.24%) were employed, 164 patients 

(96.47%) used tap water, 11 (6.47%) had 

pet animal(s). 

   There was significant difference for H. 

pylori in different age groups (P=0.0004), 

but intestinal parasites was insignificant in 

different age groups (P=0.053(.   

H. pylori  patients were higher (39.80%) 

among age group (31-40years) and lower   
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 (6.79%) among (41-50).  

   Intestinal parasites were higher (33.3%) 

among age group (41-50years) and  lower 

(12.5%) among age group (50-60). H. py-

lori was more in females 62 (60.19%), 

without significant (P= 0.305), and intesti-

nal parasites were more in males 

15(62.5%) with significant (P=0.036).  

   Education and employment were insig-

nificant in H. pylori  patients (P=0.571 & 

P=0.205) respectively, but were significant 

in intestinal parasites (P<0.001& P=0.001) 

respectively. 

   As regards H. pylori infection, residence, 

and keeping pet animals were insignificant 

(P=0.0001) (P=0.136) respectively. While 

in parasitic infection, residence and pet an-

imals were insignificant (P=0.256 & 0.688) 

respectively. Water consumption showed a 

significant high H. pylori difference was in 

patients on tap water (94.17%) (P= 0.044), 

but insignificant in intestinal parasites 

(95.8%) (P=0.855). 

   Patients were bloating 24 (100%) was a 

highly significant symptom (P1=001), fol-

lowed by decreased appetite 20 (83.3%) in 

intestinal parasitic infection, for H. pylori 

patients, abdominal pain 90 (87.38%) was 

a highly significant (P2<.0001), followed 

by bloating 85(82.5%).  

   Details were given in tables (1, 2, 3, 4 & 

5) and figure (1).  
 

 

Table 1: Association between intestinal parasites and H. pylori infection: 

Variations Parasite positive (n=24) Parasite negative  (n=146) P(McNemar's test) 

H. pylori positives (n=103)  19 (18.45%) 84 (81.55%) 0.0001 

H. pylori negatives (n=67)  5 (7.46%) 62(92.54%) 
 

Table 2: Intestinal parasites among H. pylori (n=24) 

Parasites H. pylori positive (n=103)  H. pylori negative (n=76)  Parasites (n=24) P value  

E. histolytica  11 (10.68%) 1 (13.16%) 12 (50%) 0.007** 

G. lamblia 5 (4.85%) 0 (00.00%) 5 (20.8%) 

C. parvum 1 (0.97%) 3 (3.94%) 4 (16.67%) 

H. nana  0 (00.00%) 1 (13.16%) 1 (4.17%) 

E. vermicularis 2 (1.9%) 0 (00.00) 2 (83.33%) 
  

 

 

Table 3: Socio-demographic features for H. pylori among participants: 

Items H. pylori positive (60.59%) H. pylori negative (39.41%) P value 

Age (years): 20-30 

                   : 31-40 

                   : 41- 50 

                   : 51-60 

39 (37.86%) 

41 (39.80%) 

7 (6.79%) 

16 (15.53%) 

12 (17.91%) 

28 (41.79%) 

19 (28.35%) 

8 (11.94%) 

 

0.0004
** 

Males 

Females 

41 (39.80%) 

62 (60.19%) 

32 (47.76%) 

35 (52.23%) 

0.305 

Education: Illiterate  

                 : Educated  

27 (26.21%) 

76 (73.78%) 

15 (22.39) 

52 (77.61) 

0.571 

Residence: Urban 

                 : Rural 

33 (32.04%) 

70 (67.96%) 

41 (61.19) 

26 (38.81) 

0.0001
** 

Pet animal: Yes 

                 : No 

9 (8.74%) 

94 (91.26%) 

2 (2.98%) 

65 (97.01%) 

 

0.136 

Employment: Yes 

                     : No 

56 (54.37%) 

47 (45.63) 

43 (64.17) 

24 (35.82) 

 

0.205 

Tap water: Yes  

                 : No 

97 (94.17%) 

6 (5.82%) 

67 (100%) 

0 (00.00) 

0.044
* 

 

P<0.05= significant*,P<.001= highly significant**. 
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Table 4: Socio-demographic characteristics of parasites among participants: 

 Variations Parasite positive (14.12%) Parasite negative  (85.88%) P value(x2 test) 

Age (years): 20-30 

                   : 31-40 

                   : 41- 50 

                   : 51-60 

7(29.2%) 

6(25%) 

8(33.3%) 

3(12.5%) 

44(30.1%) 

63(43.2%) 

18(12.3%) 

21(14.4%) 

 

0.053 

Males 

Females 

15(62.5%) 

9(37.5%) 

58(39.7%) 

88(60.3%) 

0.036* 

Education: Illiterate  

                 : Educated 

18(75%) 

6(25%) 

24(16.4%) 

122(83.6%) 

<0.001** 

Residence: Urban 

                 : Rural 

13(54.2%) 

11(45.8%) 

61(41.8%) 

85(58.2%) 

0.256 

Employment: Yes  

                    : No 

21(87.5%) 

3(12.5%) 

78(53.4%) 

68(46.6%) 

0.001** 

Tap water: Yes  

                 : No 

23(95.8%) 

1(4.2%) 

141(96.6%) 

5(3.4%) 

0.855 

Pet animal: Yes 

                 : No 

2(8.3%) 

22(91.7%) 

9(6.2%) 

137(93.8%) 

0.688 

 

Table 5: Associated complaints in study participants: 

Symptoms Parasite +ve Parasite -ve H. pylori +ve H. pylori -ve P value 

Perianal Itching: Yes  

                          : No 

1(4.2%) 

23(95.8%) 

0(0) 

146(100%) 

1(0.1) 

102(99.1%) 

0(0) 

67(100%) 

=.013* 

=0.418 

Saliva: Yes  

           :No 

16(66.7%) 

8(33.3%) 

41(82.1%) 

105(71.9%) 

55(53.4%) 

48(46.6%) 

2((3%) 

65(97%) 

<.001** 

=<.0001** 

Appetite: Yes  

               : No 

20(83.3%) 

4(16.7%) 

81(55.5%) 

65(44.55) 

84(81.6%) 

19(18.4%) 

17(25.4%) 

50(64.6%) 

=0.010** 

=<.0001** 

Diarrhea: Yes  

              : No 

14(58.3%) 

10(41.7%) 

19(13%) 

127(87%) 

28(27.2%) 

75(72.8%) 

5(7.5%) 

62(92.5%) 

<.0001** 

=.001** 

Constipation: Yes  

                     : No 

5(20.8%) 

19(79.2%) 

36(24.7%) 

110(75.3%) 

37(35.9%) 

66(64.1%) 

4(6%) 

63(94%) 

=0.684 

<.0001** 

Bloating: Yes                      

               : No 

24 (100%) 

0(0%) 

81(55.5%) 

65(44.5%) 

85(82.5%) 

18(17.5%) 

20(29.9%) 

47(70.1%) 

<.001** 

<.0001** 

Abdominal Pain: Yes  

                          : No 

19(79.25%) 

5(20.8%) 

113(77.4%) 

33(22.6%) 

90(87.4%) 

13(12.6%) 

34(50.7%) 

33(49.3%) 

=0.847 

<.0001** 

Nausea and  vomiting: Yes  

                                    : No 

4(16.7%) 

20(83.3%) 

63(43.2%) 

83(56.8%) 

56(54.4%) 

47(45.6%) 

11(16.4%) 

56(83.6%) 

=0.013* 

<.0001** 

P<0.05= significant*,P<.001= highly significant**. 
 

Discussion 
   The present results showed that (60.59%) 

of patients were positive H. pylori copro-

antigen in stool and (14.12%) had different 

intestinal parasitic infection. 

This agreed with Pomari et al. (2020) who 

reported (66%) subjects were infected with 

H. pylori in a study in Italy. It was disagreed 

with Kaya et al. (2023), who reported H. 

pylori positivity rate was (27.79%). 

Different rates were reported by Abd El 

Hameed et al, (2021) who reported that 

(16%) of cases were positive for H. pylori 

and (32.67) of cases were positive for intes-

tinal parasitic infection. 

   In the present study, there was a signifi-

cant association between intestinal parasites 

and H. pylori infection (P = 0.0001). As the 

results showed that intestinal parasites were 

detected in (18.45%) of H. pylori positive 

patients, (associated infection), this was 

agreed with Abd Elbagi et al, (2021) who 

reported that the occurrence of intestinal 

parasite among H. pylori patients was (23%) 

in a study was done in Sudan. Pomari et al, 

(2020) reported a higher rate of coinfection 

between H. pylori and parasitic infection as 

(74%) of cases had a concomitant infection, 

and this association was significant. This 

results was disagreed with Abd El Hameed 

et al, (2021) who reported that co-infected 

cases represented (61.9%) of the H. pylori 

positive group.  

   No doubt, association of both infections 

could result  from sharing the same mode of 

infection, the feco-oral route, also low soci-

oeconomic status and poor sanitary condit- 

ions may be risk factors for both infections 
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 (Moreira et al, 2005). 

   The results showed that E. histolytica 

(10.68%) were the most frequently detected 

parasite in association with H. pylori pati-

ents, followed by G. lamblia (4.85%) and E. 

vermicularis (1.9%).This agreed with Abd 

Elbagi et al, (2021) who reported that E. his-

tolytica was detected in 12% of the H. pylori 

cases followed by E. coli in 7% of cases and 

G. lamblia in 4%. A significant relationship 

between E. histoloytica positivity and H. 

pylori positivity was reported by (Kaya et al 

2023), as it was (27.3%) among H. pylori 

positive cases and (1.8%) for G. lamblia, 

and it was (2.1%) for E. vermicularis.  

Our results disagreed with Pomari et al, 

(2020) who reported that Blastocystis was 

the most frequent as (67%) of cases were 

infected, followed by E. coli (20%). It was 

disagreed with Abd El Hameed et al. (2021) 

who reported that G. lamblia was the most 

frequently (35.9%) detected parasite associ-

ated with H. pylori infection.  

   In the present study the highest prevalence 

rates of H. pylori patients (39.80%) were 

found among the age groups 31-40 years 

old, and the lowest rate (6.79%) among the 

age group 41- 50 years old. This was agreed 

with (Kaya et al 2023), who reported the 

highest prevalence rates of H. pylori positive 

patients (75.7%) were found among the age 

groups more than 40 years old. This disa-

greed with Abd Elbagi et al. (2021), who 

reported the highest prevalence rates (40%) 

of H. pylori patients were among the age 

groups 1-15, while the lowest rate (10.7%) 

was among age group 31-45. Also,  Abd El 

Hameed et al. (2021) showed that the high-

est prevalence of H. pylori was (45.8%) 

among 5-10 years  age group. 

   The present study showed that the intesti-

nal parasites rate of (33.3%) was highest 

among the age group 41- 50 years old and 

the lowest rate (12.5%) was among the 50-

60 age group. Abd El Hameed1 et al. (2021) 

reported that the highest rate (42.8%) of in-

testinal parasites was at 1-5 year old and the 

lowest rate (22.4%) among the age group of 

10-15 years old. 

   In the present study, H. pylori infection 

was more in females (60.19%), with insig-

nificant (P= 0.305), while the intestinal par-

asites was more in males (62.5%), with sig-

nificant (P=0.036). This agreed with Kaya et 

al. (2023), who reported that H. pylori in-

fected females (76.6%) were significantly 

higher than males (23.4%). This disagreed 

with Abd Elbagi et al. (2021), who reported 

that the rate of intestinal parasites was 

(24%) among males without significant dif-

ference. 

   The present results showed a significant 

difference for type of water consumption, H. 

pylori infection rate (94.17%) was high in 

patients on tap water. This disagreed with 

Kaya et al. (2023), who reported lower rate 

of H. pylori (40.2%) in patients on tap water 

with significant difference. 

   This study showed that in H. pylori infect-

ed patients, abdominal pain was a highly 

signifi-cant symptom in (87.38%) of patients 

(P2<.0001), followed by bloating (82.5%). 

This agreed with Pomari et al. (2020), who 

reported that epigastric pain was the most 

significant symptom in H. pylori infected 

cases. 

   The present study showed that bloating 

(100%) was a highly significant symptom 

(P1=001), followed by decreased appetite 

(83.3%) (P1=0.010), in intestinal parasitic 

infect patients. The difference in site of H. 

pylori (upper gastrointestinal tract), and in-

testinal parasites (lower gastrointestinal 

tract) showed variations in patients' com-

plaints. This agreed with Abd El Hameed et 

al. (2021), who  found that abdominal pain, 

distension and diarrhea and other symptoms 

were the most frequent complaints among 

different patients .  
 

Conclusions 
  Abdominal pain, bloating and decrease ap-

petite were the most common symptom for 

intestinal parasites and H. pylori infection. 

The association of parasitic infection and H. 

pylori modulated clinical symptoms of each 

other. The intestinal parasites and H. pylori 
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must be routinely examined in patients with 

gastrointestinal symptoms. 
References 

Abd El Hameed, YF, Boghdadi, AM, Caroly-

ne, M, Hassan, GMA, 2021: Association of 

Helico- bacter pylori and parasitic infections in 

childhood: impact on clinical manifestations and 

implications J. Parasit. Dis. 45, 3:790-6  

Abd Elbagi, YY, Abd Alla, AB, Saad, MBE, 

2021: The relationship between Helicobacter 

pylori in-fection and intestinal parasites in indi-

viduals from Khartoum state, Sudan, a case-

control study: Res-earch article. F1000Research 

2021, 8:2094. 

Alexander, SM, Retnakumar, RJ, Chouhan, 

D, et al, 0202: Helicobacter pylori in human 

stomach: The inconsistencies in clinical out-

comes and the probable causes.  Front. Microbi-

ol. 12, article 713955, 2021 

Alexander, SM, Retnakumar, RJ, Chouhan, 

D, et al,  0202 : Helicobacter pylori in human 

stomach: The inconsistencies in clinical outco- 

mes and the probable causes.  Front. Microbiol. 

12, article 713955, 2021 

Bashir, SK, Khan, MB, 2023: Overview of 

Helicobacter pylori: Infection, prevalence, risk 

factors, and its prevention Hindawi: Review ar-

ticle Adv. Gut Microbiome Res. Vol. 2023, Ar-

ticle ID 9747027, 9 pages https://doi.org/ 10. 

1155/2023/9747027 

Eyayu, T, Kiros, T, Workineh, L, Sema, MS, 

Damtie, S, et al, 2021: Prevalence of intestinal 

parasitic infections and associated factors among 

patients attending at Sanja Primary Hospital, 

Northwest Ethiopia: An institutional-based cro-

ss-sectional study. PLoS One 16, 2: e0247075. 

Garcia, LS, 2007: Intestinal protozoa: Amoe-

bae. In: Diagnostic Medical Parasitology. The 

5
th
 edition. American Society for Microbiology, 

Washington, DC. 

Henriksen, SA, Pohlens, J, 1981: Staining of 

Cryptosporidium by modified Zeil Neelsen 

technique. Acta. Vet. Scand.22: 594-6. 

Hussain, Z, El-Omar, E, Lee, YY, 2020: Dual 

infective burden of Helicobacter pylori and in-

testinal parasites: Good or bad news for the 

host? Indian J. Gastroenterol. 39, 2:111-6. 

Kaya, Y, Karaman, U, Colak, C, Cinar, H, 

Karatas, A, et al, 2023: The relationship betw- 

een Helicobacter pylori and intestinal parasites 

in patients with peptic ulcer. Inter. Med. J. Med. 

Records 5, 1:132-9. 

Kayali, S, Aloe, R, Bonaguri, C,  Gaiani, F, 

2018: Non-invasive tests for the diagnosis of 

Helicobacter pylori: State of the art. Acta Bio 

Medica: Atenei Parmensis 89, 8:S58-64. 

Krzyżek P, Gościniak G, 2017: Frequency and 

immunological consequences of Helicobacter 

pylori and intestinal parasite co-infections: a 

brief review. Ann. Parasitol. 63:255-63. 

Moreira, ED Jr, Nassri, VB, Santos, RS, Ma-

tos, JF, de Carvalho, WA, et al, 2005: Asso-

ciation of Helicobacter pylori infection and gi-

ardiasis: results from a study of surrogate mark-

ers for fecal exposure among children. World J. 

Gastroenterol. 11, 18:2759-63 

Pomari, E, Ursini, T, Silva, R,  Leonardi, M,   
Ligozzi, M, et al, 2020: Concomitant infection 

of Helicobacter pylori and intestinal parasites in 

adults attending a referral center for parasitic in-

fections in North Eastern Italy. J. Clin. Med.  9, 

8:23-66. 

Seid, A, Tamir, Z, Kasanew, B, Senbetay, M, 

2018: Co-infection of intestinal parasites and 

Helicobacter pylori among upper gastrointesti-

nal symptomatic adult patients attending Mek-

ane Salem Hospital, northeast Ethiopia. BMC 

Res. Notes 11, 1:1-6. 
Explanation of figures 

Fig. 1: Prevalence of parasitic and H. pylori infection among participants. 
 

 
 

https://doi.org/%2010.%201155/2023/9747027
https://doi.org/%2010.%201155/2023/9747027
https://pubmed.ncbi.nlm.nih.gov/?term=Eyayu%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kiros%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Workineh%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sema%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Damtie%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Damtie%20S%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7886201/
https://www.researchgate.net/profile/Federica-Gaiani?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://pubmed.ncbi.nlm.nih.gov/?term=Pomari%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ursini%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Silva%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Leonardi%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ligozzi%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7465117/

