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Abstract

Introduction. Background: Neurocysticercosis (NCC), a parasitic disease caused by the pork 
tapeworm Taenia solium (T. solium), is a significant public health concern in endemic 
countries. It is estimated to contribute to roughly 30% of all epilepsy cases and leads to chronic 
morbidity in nearly 70% of affected patients. This study aimed to determine the prevalence of 
anti-cysticercus antibodies to T. solium in individuals with recent-onset seizures. We 
employed two serological techniques: Enzyme-Linked Immuno Sorbent Assay (ELISA) and 
Enzyme-Linked Immuno Transfer Blot (EITB). Materials and Methods. A total of 100 serum 
samples were collected: 50 from patients experiencing recent-onset seizures (cases) and 50 
from age-matched healthy controls. All samples were analyzed for the presence of anti-
cysticercus antibodies to T. solium. Results. Among the 50 cases, EITB detected anti-
cysticercus antibodies in six patients (12%), while ELISA identified antibodies in three patients 
(6%). Notably, only two cases tested positive using both EITB and ELISA. In the control group, 
one individual was seropositive by EITB, and none were positive by ELISA. Conclusion. This 
study underscores the critical role of implementing high-quality screening methods, 
employing a vigilant diagnostic approach, and taking prompt preventive measures to 
mitigate the burden of morbidity associated with NCC.

Key word: enzyme-linked immuno transfer blot, enzyme-linked immunosorbent assay, 
magnetic resonance imaging, neurocysticercosis.
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Introduction

 Globally, seizures are one of the most common and 
stigmatized ailments, recognized since antiquity and 
encountered periodically in medical practice. Approximately 
10% of the general population experiences at least one seizure 
in their lifetime, with the highest incidence occurring in early 
childhood and late adulthood. Seizures occurring in 
adulthood require special attention because they are often 
due to identifiable causes. These causes commonly include 
trauma, central nervous system (CNS) infections, space-
occupying lesions, cerebrovascular accidents, metabolic 
disorders, and drugs (1). In contrast, seizures beginning in 
childhood are more likely to be idiopathic. 

 Neurocysticercosis (NCC) accounts for approximate-
ly 30% of seizure cases in endemic countries (2). This condition 
is caused by Cysticercus cellulosae, the larval form of the 
cestode Taenia solium (T. solium), also known as the pork 
tapeworm. NCC affects 50 million people worldwide, with 
three-quarters of them living in poor countries, and 94% 
remaining untreated. About 50,000 people succumb to the 
disease every year (3).

 NCC presents with varied clinical manifestations. 

Seizures, or epilepsy, are a common manifestation and a 
major cause of chronic morbidity in nearly 70% of patients (4). 
Diagnosing and managing NCC is challenging, as no single 
diagnostic test identifies all cases of cysticercosis. Although it 
is being reported more frequently in some areas, minimal data 
are available about the prevalence of epilepsy due to NCC in 
India.

 In this context, this study was conducted to estimate 
the prevalence of anti-cysticercus antibodies to T. solium in 
the serum of patients with recent onset seizures using 
Enzyme-Linked Immunosorbent Assay (ELISA) and Enzyme-
Linked Immunoelectrotransfer Blot (EITB). The study also 
compared the effectiveness of these methods in detection 
and examined the clinical profile and radiological findings in 
NCC seropositive patients.  

Methods

 This cross-sectional study was conducted in a 1300-
bed tertiary care teaching hospital in Tamil Nadu, India, over 
one year, from November 2019 to October 2020. Written 
informed consent was obtained from all study participants. A 
total of 50 serum samples were collected from cases 
admitted with new-onset seizures, and 50 samples from age-
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stage, where the cyst wall thickens, the scolex transforms into 
mineralized granules, and the cysticercus is no longer viable. 
The last is the calcified stage, in which the remnants of the 
parasite appear as a mineralized nodule. Due to considerable 
individual differences, the duration of each stage has not been 
defined. Pathological studies have shown that different 
stages of involution may present in the same individual (7).

 Parenchymal brain cysticerci el icit a scarce 
inflammatory reaction in the surrounding tissue, whereas the 
meningeal form shows a severe inflammatory reaction and 
may disseminate to distant sites where the parasite may 
lodge. Ventricular cysticerci also show severe inflammatory 
reactions (6).

 The most common hematological change in 
neurocysticercosis is peripheral eosinophilia, reported in 37% 
of cases (6). Further, non-specific abnormalities in the 
cytochemical composition of CSF have also been reported in 
these cases.

 Neuroimaging techniques (CT and MRI) provide a 
description of the number, location, stage of involution, and 
degree of the host's inflammatory reaction against the 
parasites (8). The sensitivity of conventional MRI for 
detecting calcified lesions is poor compared to CT (9).

 Diagnosis by antigen detection is restricted by the 
amount of circulating larval antigen released by the parasites, 
unlike the antibody responses enhanced by the host's 
immune system. Hence, antigen detection is more likely 
associated with active disease and is used to monitor 
therapeutic response (10).

 Semipurified somatic parasite or cyst fluid antigens 
are mostly used in antibody detection ELISA assays. The 
performance of these tests is generally poor, with suboptimal 
sensitivity and cross-reactions with other common cestode 
infections such as hymenolepiasis or hydatid disease (10). 
False negative results are due to the local production of 
antibodies in the CNS without a parallel increase in peripheral 
b lood or  immunoto lerance  to  paras i tes  wi thout 
anticysticercal antibody production. Some authors advocate 
that antibody detection by ELISA in CSF is more specific and 
substantially more sensitive than in serum (11).

 EITB is the best serological test, targeting antibodies 
to seven larval-specific antigens and does not necessarily 
indicate active disease. The sensitivity of serum EITB ranges 
from 94 to 98%, and specificity is 100%. A limitation of this assay 
is false negative results in many persons with single 
cysticercus granuloma due to insufficient antigenic stimulus 
(10). Persons with calcified lesions are less likely to test 
positive for EITB than those with active disease. Hence, using 
EITB alone may underestimate taeniasis-cysticercosis 
infection in such cases. Another limitation of EITB is that it may 
show seropositivity in persons exposed to the adult parasite 
without developing cysticercosis, in those with infection 
outside the brain, and it may persist up to one year after 
successful treatment (12).

 The seroprevalence of cysticercosis among the 
normal population is 10%. In this study, 2% seropositivity was 
noted among the control group. Among eight MRI-positive 
cases, only six were detected by serological techniques. This 
shows that using serological techniques (EITB & ELISA) alone 
will underrate the diagnosis of neurocysticercosis compared 
to neuroimaging techniques. A similar finding was observed in 
a study by Arroyo et al. in Peru (13).

 I n  e n d e m i c  a r e a s ,  s c r e e n i n g  f o r  s p e c i fi c 
coproantigen by ELISA and PCR improves the detection of 
Taenia solium carriers among healthy individuals (14). They are 
mostly asymptomatic and do not seek medical assistance. 
Since Taenia carriers are foremost in the local transmission of 
the disease, detecting such carriers is essential to any control 
program. Poor sanitation facilities, consuming uncooked 
vegetables,  and undercooked meat contr ibute to 
seropositivity.

 Unlike antibody assays, antigen detection tests are 
useful in assessing the efficacy of treatment response, owing 
to the death of all parasites resulting in a rapid fall in antigen 
levels. Resolution of extensive NCC may require several 
courses of antiparasitic therapy.

 The limitations of the study were the small sample 
size and the need to study the seroprevalence of anti-
cysticercal antibodies among healthy controls involving larger 
populations. 

Conclusion

 In this study, 2% seropositivity was noted among the 
control group. Among the eight MRI-positive cases, only six 
were detected by serological techniques. Anti-cysticercus 
antibodies were also observed in the control group. Relying 
solely on serology for diagnosis may result in overlooked cases 
of neurocysticercosis. Therefore, a comprehensive diagnosis 
of neurocysticercosis requires a combination of serological 
tests and neuroimaging techniques. This study underscores 
the importance of high-quality screening, vigilant diagnostic 
strategies, and prompt preventive measures to reduce the 
morbidity associated with NCC.
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matched healthy controls were collected using a purposive 
sampling method. The control population was included to 
estimate the seroprevalence among the normal population, 
to rule out active infection, and to check for cross-reactions 
with other cestode infections. Samples were stored at -20°C 
until serological tests were performed. They were analyzed 
for the presence of anti-cysticercus antibodies to T. solium 
using ELISA (NOVATEC Immuno Diagnostics, Germany). 
Samples with absorbance values higher than 10% above the 
cut-off were considered positive, and those lower than 10% 
below the cut-off were considered negative. All samples were 
subjected to EITB, and those showing reactive bands to one or 
more glycoprotein antigens were considered reactive. 

 The study included cases of new-onset seizures 
(seizures occurring for the first time) among both sexes. 
Persons with epilepsy due to metabolic disorders, alcohol 
withdrawal seizures, epilepsy secondary to encephalitis or 
meningitis, post-traumatic epilepsy, pregnant women, and 
pediatric patients with febrile seizures were excluded from 
the study.

Ethics. Institutional ethical committee approval [REF. NO: 
1601/MICRO/2019 dt: 20-11-2019] was obtained. Sociodemo-
graphic details, clinical, and radiological findings were 
recorded in a structured proforma.

Statistical Analysis. The collected data were entered into 
Microsoft Excel and analyzed. Mean and standard deviation 
were used for continuous variables, and the Fisher's exact test 
was used for categorical variables.

Results

 The mean age of the study population was 24.5 years 
with a standard deviation of 12.2 years. The mean age of the 
cases was 22.42 years with a standard deviation of 11.6 years, 
and the mean age of the control group was 26.7 years with a 
standard deviation of 12.5 years. There was no significant 
difference in the mean age between the two groups (p-value = 
0.081, Independent sample t-test).

 Out of the 50 patients with recent onset seizures, 15 
had Complex Partial Seizures (CPS) and 35 had Generalized 
Tonic-Clonic Seizures (GTCS). Among them, 28% had 
symptoms for less than a week, 22% for one week to one 
month, 40% for one to six months, and 8% for six months to 
one year. Thirteen patients (26%) were on antiepileptic drugs, 
and the remaining 37 (74%) were not on antiepileptic drugs.

 Of the 50 cases, four (8%) had granulomatous lesions 
and four (8%) had ring-enhancing lesions on MRI. Of these 
eight MRI-positive cases, two were detected by both EITB and 
ELISA, and four were detected by EITB. Of the remaining 42 
normal MRI cases, only one was positive in ELISA.

 Of the 50 cases, six (12%) tested positive by EITB and 
three (6%) tested positive by ELISA (Table 1). Only two cases 
were detected by both EITB and ELISA. In the control group, 
one tested positive for EITB and none tested positive for 

ELISA. This signifies that the findings in ELISA and EITB were 
statistically significant (p-value = 0.035, Fisher's exact test) 
(Table 2).

Table 1
Distribution of EITB & ELISA positive among cases and controls

*ELISA. Enzyme Linked Immuno Sorbent Assay. &EITB. Enzyme Linked 
Immuno Transfer Blot

Table 2
Comparison of EITB and ELISA among cases

*ELISA. Enzyme Linked Immuno Sorbent Assay. &EITB. Enzyme Linked 
Immuno Transfer Blot

 Out of the six EITB-positive cases, only two had 
adequate toilet facilities, and four did not have adequate 
toilet facilities. Among the EITB-positive cases, four 
participants were on a mixed diet and two were on a 
vegetarian diet. According to the Del Brutto scoring, one 
seizure case was classified under a definitive diagnosis of NCC, 
and five were classified under a probable diagnosis.

Discussion

 The clinical manifestations of central nervous system 
(CNS) infection in humans depend on the number of lesions, 
location and immunological reaction against the parasites. 
Parenchymal brain cysts primarily present with seizures, 
though headache, focal signs, and cognitive deficits are not 
unusual. Ventricular and subarachnoid cysts manifest as 
space-occupying lesions, with or without hydrocephalus, and 
often present with headache and intracranial hypertension 
(5,6).

 After gaining access to the CNS, cysticerci undergo 
different stages of involution. The first is the vesicular stage 
(viable stage), characterized by a transparent membrane, 
clear vesicular fluid, and an invaginated scolex, which may 
remain viable for years or enter the next stage due to the 
host's immunological attack. The second is the colloidal stage, 
where the vesicular fluid becomes turbid, and the scolex 
shows signs of hyaline degeneration. The third is the granular 
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>55 1 0(0) 0(0) 2 0(0) 0(0)
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(in yrs)

Cases Controls

Total Total



Microbes Infect Chemother, 2024, v.4, 1-4, e2156

Neurocysticercosis- a tropical disease

3

stage, where the cyst wall thickens, the scolex transforms into 
mineralized granules, and the cysticercus is no longer viable. 
The last is the calcified stage, in which the remnants of the 
parasite appear as a mineralized nodule. Due to considerable 
individual differences, the duration of each stage has not been 
defined. Pathological studies have shown that different 
stages of involution may present in the same individual (7).

 Parenchymal brain cysticerci el icit a scarce 
inflammatory reaction in the surrounding tissue, whereas the 
meningeal form shows a severe inflammatory reaction and 
may disseminate to distant sites where the parasite may 
lodge. Ventricular cysticerci also show severe inflammatory 
reactions (6).

 The most common hematological change in 
neurocysticercosis is peripheral eosinophilia, reported in 37% 
of cases (6). Further, non-specific abnormalities in the 
cytochemical composition of CSF have also been reported in 
these cases.

 Neuroimaging techniques (CT and MRI) provide a 
description of the number, location, stage of involution, and 
degree of the host's inflammatory reaction against the 
parasites (8). The sensitivity of conventional MRI for 
detecting calcified lesions is poor compared to CT (9).

 Diagnosis by antigen detection is restricted by the 
amount of circulating larval antigen released by the parasites, 
unlike the antibody responses enhanced by the host's 
immune system. Hence, antigen detection is more likely 
associated with active disease and is used to monitor 
therapeutic response (10).

 Semipurified somatic parasite or cyst fluid antigens 
are mostly used in antibody detection ELISA assays. The 
performance of these tests is generally poor, with suboptimal 
sensitivity and cross-reactions with other common cestode 
infections such as hymenolepiasis or hydatid disease (10). 
False negative results are due to the local production of 
antibodies in the CNS without a parallel increase in peripheral 
b lood or  immunoto lerance  to  paras i tes  wi thout 
anticysticercal antibody production. Some authors advocate 
that antibody detection by ELISA in CSF is more specific and 
substantially more sensitive than in serum (11).

 EITB is the best serological test, targeting antibodies 
to seven larval-specific antigens and does not necessarily 
indicate active disease. The sensitivity of serum EITB ranges 
from 94 to 98%, and specificity is 100%. A limitation of this assay 
is false negative results in many persons with single 
cysticercus granuloma due to insufficient antigenic stimulus 
(10). Persons with calcified lesions are less likely to test 
positive for EITB than those with active disease. Hence, using 
EITB alone may underestimate taeniasis-cysticercosis 
infection in such cases. Another limitation of EITB is that it may 
show seropositivity in persons exposed to the adult parasite 
without developing cysticercosis, in those with infection 
outside the brain, and it may persist up to one year after 
successful treatment (12).

 The seroprevalence of cysticercosis among the 
normal population is 10%. In this study, 2% seropositivity was 
noted among the control group. Among eight MRI-positive 
cases, only six were detected by serological techniques. This 
shows that using serological techniques (EITB & ELISA) alone 
will underrate the diagnosis of neurocysticercosis compared 
to neuroimaging techniques. A similar finding was observed in 
a study by Arroyo et al. in Peru (13).

 I n  e n d e m i c  a r e a s ,  s c r e e n i n g  f o r  s p e c i fi c 
coproantigen by ELISA and PCR improves the detection of 
Taenia solium carriers among healthy individuals (14). They are 
mostly asymptomatic and do not seek medical assistance. 
Since Taenia carriers are foremost in the local transmission of 
the disease, detecting such carriers is essential to any control 
program. Poor sanitation facilities, consuming uncooked 
vegetables,  and undercooked meat contr ibute to 
seropositivity.

 Unlike antibody assays, antigen detection tests are 
useful in assessing the efficacy of treatment response, owing 
to the death of all parasites resulting in a rapid fall in antigen 
levels. Resolution of extensive NCC may require several 
courses of antiparasitic therapy.

 The limitations of the study were the small sample 
size and the need to study the seroprevalence of anti-
cysticercal antibodies among healthy controls involving larger 
populations. 

Conclusion

 In this study, 2% seropositivity was noted among the 
control group. Among the eight MRI-positive cases, only six 
were detected by serological techniques. Anti-cysticercus 
antibodies were also observed in the control group. Relying 
solely on serology for diagnosis may result in overlooked cases 
of neurocysticercosis. Therefore, a comprehensive diagnosis 
of neurocysticercosis requires a combination of serological 
tests and neuroimaging techniques. This study underscores 
the importance of high-quality screening, vigilant diagnostic 
strategies, and prompt preventive measures to reduce the 
morbidity associated with NCC.

Author contribution statement

Reachel Reena Durairaj: Conceptualization, Methodology, 
Formal analysis, Data curation, Writing- Original draft 
preparation, Writing- Reviewing and Editing. Poongodi 
Santhana kumarasamy: Conceptualization, Methodology, 
Formal analysis, Data curation, Writing- Original draft 
preparation. Visualization, Validation, Writing- Reviewing and 
Editing.

Ethics statement

 The authors declare that the present study was 
conducted under the strictest ethical conditions.

Microbes Infect Chemother, 2024, v.4, 1-4, e2156

Durairaj RR, kumarasamy PS

2

matched healthy controls were collected using a purposive 
sampling method. The control population was included to 
estimate the seroprevalence among the normal population, 
to rule out active infection, and to check for cross-reactions 
with other cestode infections. Samples were stored at -20°C 
until serological tests were performed. They were analyzed 
for the presence of anti-cysticercus antibodies to T. solium 
using ELISA (NOVATEC Immuno Diagnostics, Germany). 
Samples with absorbance values higher than 10% above the 
cut-off were considered positive, and those lower than 10% 
below the cut-off were considered negative. All samples were 
subjected to EITB, and those showing reactive bands to one or 
more glycoprotein antigens were considered reactive. 

 The study included cases of new-onset seizures 
(seizures occurring for the first time) among both sexes. 
Persons with epilepsy due to metabolic disorders, alcohol 
withdrawal seizures, epilepsy secondary to encephalitis or 
meningitis, post-traumatic epilepsy, pregnant women, and 
pediatric patients with febrile seizures were excluded from 
the study.

Ethics. Institutional ethical committee approval [REF. NO: 
1601/MICRO/2019 dt: 20-11-2019] was obtained. Sociodemo-
graphic details, clinical, and radiological findings were 
recorded in a structured proforma.

Statistical Analysis. The collected data were entered into 
Microsoft Excel and analyzed. Mean and standard deviation 
were used for continuous variables, and the Fisher's exact test 
was used for categorical variables.

Results

 The mean age of the study population was 24.5 years 
with a standard deviation of 12.2 years. The mean age of the 
cases was 22.42 years with a standard deviation of 11.6 years, 
and the mean age of the control group was 26.7 years with a 
standard deviation of 12.5 years. There was no significant 
difference in the mean age between the two groups (p-value = 
0.081, Independent sample t-test).

 Out of the 50 patients with recent onset seizures, 15 
had Complex Partial Seizures (CPS) and 35 had Generalized 
Tonic-Clonic Seizures (GTCS). Among them, 28% had 
symptoms for less than a week, 22% for one week to one 
month, 40% for one to six months, and 8% for six months to 
one year. Thirteen patients (26%) were on antiepileptic drugs, 
and the remaining 37 (74%) were not on antiepileptic drugs.

 Of the 50 cases, four (8%) had granulomatous lesions 
and four (8%) had ring-enhancing lesions on MRI. Of these 
eight MRI-positive cases, two were detected by both EITB and 
ELISA, and four were detected by EITB. Of the remaining 42 
normal MRI cases, only one was positive in ELISA.

 Of the 50 cases, six (12%) tested positive by EITB and 
three (6%) tested positive by ELISA (Table 1). Only two cases 
were detected by both EITB and ELISA. In the control group, 
one tested positive for EITB and none tested positive for 

ELISA. This signifies that the findings in ELISA and EITB were 
statistically significant (p-value = 0.035, Fisher's exact test) 
(Table 2).

Table 1
Distribution of EITB & ELISA positive among cases and controls

*ELISA. Enzyme Linked Immuno Sorbent Assay. &EITB. Enzyme Linked 
Immuno Transfer Blot

Table 2
Comparison of EITB and ELISA among cases

*ELISA. Enzyme Linked Immuno Sorbent Assay. &EITB. Enzyme Linked 
Immuno Transfer Blot

 Out of the six EITB-positive cases, only two had 
adequate toilet facilities, and four did not have adequate 
toilet facilities. Among the EITB-positive cases, four 
participants were on a mixed diet and two were on a 
vegetarian diet. According to the Del Brutto scoring, one 
seizure case was classified under a definitive diagnosis of NCC, 
and five were classified under a probable diagnosis.

Discussion

 The clinical manifestations of central nervous system 
(CNS) infection in humans depend on the number of lesions, 
location and immunological reaction against the parasites. 
Parenchymal brain cysts primarily present with seizures, 
though headache, focal signs, and cognitive deficits are not 
unusual. Ventricular and subarachnoid cysts manifest as 
space-occupying lesions, with or without hydrocephalus, and 
often present with headache and intracranial hypertension 
(5,6).

 After gaining access to the CNS, cysticerci undergo 
different stages of involution. The first is the vesicular stage 
(viable stage), characterized by a transparent membrane, 
clear vesicular fluid, and an invaginated scolex, which may 
remain viable for years or enter the next stage due to the 
host's immunological attack. The second is the colloidal stage, 
where the vesicular fluid becomes turbid, and the scolex 
shows signs of hyaline degeneration. The third is the granular 

Total P-value

Positive Negative

Positive 2 1 3

Negative 4 43 47

Total 6 44 50

EITB
&

0.035 

(Fishers 

Exact Test)

ELISA*

EITB* 

Positive
ELISA& 

Positive

EITB 

Positive

ELISA 

Positive

No (%) No (%) No (%) No (%)

05-14 15 1(6.6) 0(0) 11 0(0) 0(0)

15-24 16 3(18.8) 2(12.5) 10 0(0) 0(0)

25-34 12 1(8.3) 1(8.3) 12 0(0) 0(0)

35-44 3 1(33.3) 0(0) 13 1(7.7) 0(0)

45-54 3 0(0) 0(0) 2 0(0) 0(0)

>55 1 0(0) 0(0) 2 0(0) 0(0)

Total 50 6(12) 3(6) 50 1(2) 0(0)

Age

(in yrs)

Cases Controls

Total Total



Microbes Infect Chemother, 2024, v.4, 1-4, e2156

Durairaj RR, kumarasamy PS

4

Funding 

 None.

Conict of interest

 The authors declare no conflicts of interest

Availability of data

 The datasets generated and /or analyzed during 
current study available from the corresponding author on 
reasonable request.

References

1. Kaur S, Garg R, Aggarwal S, Chawla SPS, Pal R. Adult onset 
seizures: Clinical, etiological, and radiological profile. J 
Family Med Prim Care. 2018;7(1):191-7.

2. Segala FV, De Vita E, Amone J, Ongaro D, Nassali R, Oceng B, 
Okori S, Putoto G, Lochoro P, Ictho J, Fantoni M, Saracino 
A, Di Gennaro F. Neurocysticercosis in Low- and Middle-
Income Countries, a diagnostic challenge from Oyam 
district, Uganda. Infect Dis Rep. 2022 ;14(4):505-8.

3. El-Kady AM, Allemailem KS, Almatroudi A, Abler B, Elsayed 
M. Psychiatric disorders of neurocysticercosis: Narrative 
review. Neuropsychiatr Dis Treat .2021;17:1599-1610.

4. Carpio A, Romo ML, Hauser WA, Kelvin EA. New understan-
ding of the relationship among neuroctsticercosis, 
seizures, and epilepsy. Seizure: European J Epilepsy. 
2021;90:123-9.

5. Del Brutto OH. Human Neurocysticercosis: An Overview. 
Pathogens. 2022; 11(10):1212. 

6. Del Brutto OH. Neurocysticercosis. Handb Clin Neurol. 
2014;121:1445-59

7. Deepika K, Chaudhary A, Sharma B, Shanker Singh H. 
Neurocysticercosis: A review on global neurological 
disease [Internet]. Infectious Diseases. IntechOpen; 2024. 
Available from:
http://dx.doi.org/10.5772/intechopen.110627.

8. Guzman C, Garcia HH; Cysticercosis Working Group in Peru. 
Current Diagnostic Criteria for Neurocysticercosis. Res Rep 
Trop Med. 2021;12:197-203.

9. Del Brutto O. Neuroimaging of cysticercosis. J Neurol Sci 
2019;405S: 33-34.

10.  Garcia HH, Gonzalez AE, Gilman RH, for the Cysticercosis 
Working Group in Peru.. Taenia solium cysticercosis and its 
impact in neurological disease. Clin Microbiol Rev 2020; 
33:e00085-19.

11. Garcia HH, O'Neal SE, Noh J, Handali S for the Cysticercosis 
working group in Peru. Laboratory diagnosis of 
neurocysticercosis (Taenia solium). J Clin Microbiol. 
2018;56(9): e00424-18.

12. Rajshekhar V. Neurocysticercosis: Diagnostic problems & 
current therapeutic strategies. Indian J Med Res. 
2016;144:319-26.

13.Arroyo G, Bustos JA, Lescano AG, Gonzales I, Saavedra H, 
Pretell EJ et al. Improved diagnosis of viable parenchymal 
neurocysticercosis by combining antibody banding 
patterns on enzyme-linked immunoelectrotransfer blot 
(EITB) with antigen enzyme-linked immunosorbent assay 
(ELISA). J Clin Microbiol. 2022;60(2):e01550-21.

14. Lightowlers MW, Mananjara DEA, Rakotoarinoro M, 
Rakotoarison VC, Raliniaina M, Rasamoelina-Andriamaniv H 
et al. Comparison of Kato–Katz, PCR and coproantigen for 
the diagnosis of Taenia solium taeniasis. Parasitology. 
2023;150(10):894-900.

Microbes, Infection and Chemotherapy

ORIGINAL RESEARCH

1Nigeria Natural Medicine Development Agency (NNMDA) 9, Kofo 
Abayomi Street Victoria Island, Lagos, Nigeria.

2Biology Unit, Air Force Institute of Technology (AFIT), PMB 2104, 
Kaduna, Nigeria.

3Department of Microbiology, Federal University of Technology, PMB 
704, Akure, Ondo State, Nigeria.

*https://orcid.org/0009-0006-2393-6583
#https://orcid.org/0000-0002-7583-2296

Corresponding author:
Williams Adesina

Address: Kofo Abayomi Street Victoria Island, Lagos, Nigeria.
E-mail: adesinawilliams.20@gmail.com

Copyright © 2024 the Author(s)

Submitted: january 26, 2024
Reviewed : march 21, 2024

Approved : july 19, 2024

How to cite:  
Adesina W, Ogunbiyi OJ, Wahab AI, Oladunmoye MK, Omorinola AA. 

Isolation and Characterization of Bacterial Strains Contaminating the 
Metallic Keyboards of Automated Teller Machines (ATMs) of 

Commercial Banks in Akure Metropolis. Microbes Infect Chemother. 
2024; 4: e2101. https://doi.org/10.54034/mic.e2101

Abstract

Background. Automated Teller Machine (ATM) contamination occurs 
indiscriminately in cities. ATMs have become a medium for transmitting 
infectious diseases; hence, this study was carried out to examine the level 
of bacterial contamination on ATM keyboards. Methods. Samples were 
collected from the metallic keyboards of ATMs at nine different commercial 
banks using moistened commercial sterile swab sticks and sterilized 
peptone water. After collection, samples were plated on different agar 
forms using the pour-plating method and incubated at 37°C for 24 hours. 
The bacterial isolates were culturally identified and molecularly 
characterized using 16s rRNA Polymerase Chain Reaction (PCR), DNA gene 
extraction, and sequence blasting. Results. The bacterial isolates identified 
include Escherichia coli, Pseudomonas aeruginosa, Shigella dysenteriae, 
Salmonella typhi, and Staphylococcus aureus, among others. 16s rRNA 
sequencing confirmed the presence of Escherichia coli strain NBRC 102203, 
Pseudomonas aeruginosa DSM 50071, Salmonella typhi SKST, Shigella 
dysenteriae ATCC 13313, and Staphylococcus aureus S33R. Conclusion. ATM 
keyboards are contaminated with various bacterial genera, with 
Staphylococcus aureus being the most prominent bacterium found. 
Therefore, adequate measures to ensure safety when using ATMs are 
necessary.

Key word: antibiotics, contamination, culture, infections, inhibition.

Introduction

 Information and Communication Technology (ICT) is 
a significant driver of improved quality of life, economic 
growth, and development in countries worldwide. It is 
indisputable that ICT has the potential to continue driving 
growth for the foreseeable future. Anwana (1) believes that 
electronic banking (e-banking) is an offshoot of ICT, providing 
both classic and modern banking means. E-banking systems 
have evolved technologies such as automated teller 
machines (ATMs), point of sales terminals (POS), electronic 
funds transfer, and telebanking. Among these technologies, 
ATMs have the most significant impact on the common 
person (2).

 ATMs, also known as cash point machines, cash 
machines, or cavities in a wall, are computer-supported 
telecommunication equipment that helps clients of financial 
institutions perform banking transactions from almost 
anywhere in the world where an ATM is present (3). People 
who perform bank transactions (bank workers and 
customers) significantly influence the introduction of 

microorganisms onto ATM keypads due to their unhygienic 
habits, such as sneezing, coughing, and inadequate hand 
sanitation before and after using the machine (4). These 
devices have become a medium for transmitting infectious 
diseases; once the keyboard is contaminated, the user may 
pick up these microbes after utilizing the ATM (4).

 Moreover, ATMs in banks have no restrictions on 
who can use them and no guidelines for sanitary usage. When 
there is a lack of adequate cleaning practices, ATMs become 
exposed to microbial colonization and attack, leading to user 
infection (5). ATMs are located in city centers, trade 
environments, campuses, and health facilities where 
customers can easily access them (6). Contamination of 
environmental inanimate objects and surfaces, such as ATMs, 
is normal because microorganisms are ubiquitous in the 
environment (7).

 Various studies of human environments have 
indicated contamination and colonization of inanimate 
objects like door handles, phones, money, fabrics, plastics, 
and other fomites by microorganisms responsible for 
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