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INTRODUCTION 

In ancient times, people did not need money, they 

practiced trade by barter. In the early 1800s and 1900s 

scientists began to theorize that transmission of money 

was associated with the transmission of diseases. Money 

is used as a medium for exchange of goods and services, 

settlement of debts and for deferred payments in 

economic activities. A paper currency note was widely 

exchanged for goods and services worldwide and was 

first developed in China (Awodi et al., 2000; Prassai et 

al., 2008; Alemu, 2014). 

 

Paper currency made from 90% cotton, contains 

cellulose which is a carbon source and also provides a 

large surface area for breeding pathogens because it 

absorbs and retains moisture which favors the growth of 

most microbes. These microbes could cause human 

diseases such as tuberculosis, meningitis, pneumonia, 

tonsillitis, peptic ulcer, renal infections, gastrointestinal 

tract infections and severe lung diseases (Michael, 2012, 

Neel, 2012). Polymer notes are also made of 

polypropylene which also serves as an organic carbon 

substrate for the growth of microbes.  

 

Most of the things we use in our everyday lives serve as 

carriers of pathogenic and infectious microorganisms, 

and one of such utilities is the paper currency. Paper 

currency is widely exchanged for goods and services. 

Both paper banknotes and coins offer ample surface area 

to harbor bacteria and microorganisms, and the hygienic 

status of currency has been a scourge to some for over a 

century (Saadabi et al., 2011; Angelakis et al., 2014; 

Jawed et al., 2017).The objectives of this research were 

to conduct preliminary examination of the physical 

conditions of the paper currency notes; isolate fungi from 

mint and mutilated old naira notes; identify the fungi 

using cultural and molecular methods; determine the 

prevalence of fungi isolated from different currency 

denominations. 

 

MATERIALS AND METHODS 

Study area 

The study area was some selected towns (177) that fall 
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ABSTRACT 

Money is the most widely used and sought-after financial instrument on planet earth. Currency notes move from 

one user to the other, and concomitantly have the potential to serve as vehicles of disease transmission; 

consequently, could be said to pose a public health risk. The aim of this research is to evaluate Nigerian currency 

denominations from end users in Anambra State as potential sources of agents of fungal infections. A total of 120 

mutilated currency denominations (N 5, N 10, N 20, N 50, N100, N 200, N 500 and N 1000) were collected from 

end users within the study area using random, stratified and cluster sampling techniques, while mint notes 

obtained from the Central Bank of Nigeria (CBN) served as control. Fungi were isolated from the notes and 

identified using standard routine microbiological procedures and molecular typing of some choice isolates was 

carried out using Gene sequencing. Two fungal isolates were chosen for further studies on the basis of novelty. 

Statistical analysis was carried out using analysis of Variance and mean partitioning was performed using Tukey 

test. One hundred naira notes had the highest total viable counts of 8.50 x 10
2
 cfu/ml while #5 notes had the least 

frequency of 1.10 x 10
2
cfu/ml. The fungal isolates include Penicillium citrinium, Aspergillus niger, Aspergillus 

flavus, Aspergillus terrus, Mucor hiemalis, Rhizopus stolonifer, Chaetomium indicum, Gymnacella hyalinospora, 

Saccharomyces cerevisiae, and Candida spp. These findings thus suggest that currency notes are indeed carriers of 

fungal pathogens. 

 

KEYWORDS: Penicillium citrinium, Aspergillus niger, Aspergillus flavus, Aspergillus terrus, Mucor hiemalis. 
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into the three (3) Senatorial zones (Anambra North, 

Anambra Central and Anambra South) in Anambra State, 

South Eastern Nigeria. 

 

Study population and sample size determination 

The target population was mutilated Nigerian currency 

denominations (N5, N 10, N 20, N 50, N 100, N 200, N 

500, and N 1000) collected from end users (Bus 

conductor, meat sellers, food vendors, Petrol pump 

attendants, Okada riders, Students and Civil servants) 

within the selected study area. The inclusion criteria 

were mutilated currency of all denominations while the 

exclusion criteria were currency denominations that were 

not mutilated. The sample size (n) was determined using 

Cochran's formula. The formula states as follows: 

n=z
2
pq 

e
2
 

n= sample size 

z= Standard deviation at 95% which corresponds to 

confidence interval of (1.96). 

p= Proportion of the population having the desired 

characteristics. 

q= (I-P), Proportion of the population without the desired 

characteristics 

e= degree of precision, that is, the margin of error that is 

acceptable (0.05)               

Since the proportion of the naira notes (P) with the 

characteristics was not known then 50% (0.5) was used 

(Susan et al., 2015).  

 

In this study, one hundred and twenty (120) mutilated 

currencies were used (Yakubu et al., 2014). 

 

Sampling techniques                      

In this study, random, stratified and cluster sampling 

techniques were employed. Samples were collected from 

end users in selected towns in the three senatorial zones 

in Anambra State, Nigeria. Each of the selected towns 

was considered a stratum and the strata were clustered 

into groups. 

 

Sample collection 
A total of 120 samples of Nigerian currency notes 

consisting of fifteen(15) pieces each of the different 

denominations N 5, N 10, N 20, N 50 (Polymer type), N 

100, N 200, N 500 and N 1000 (Paper type) were 

collected randomly from different occupational groups 

(bus conductors, meat sellers, food vendors, 

 

Petrol pump attendants, Okada riders, Students and civil 

servants) in the three (3) senatorial zones, forty samples 

were collected from each of the zones. Five (5) pieces of 

minted notes of each of the currency denominations were 

also obtained from Central Bank of Nigeria (CBN), 

Awka to serve as control samples. Samples were 

collected in separate polythene bags and were conveyed 

to the Applied Microbiology and Brewing Laboratory, 

Nnamdi Azikiwe University Awka for analysis. 

 

 

Preparation of culture media 

The culture medium to be employed in this study was 

prepared according to the manufacturer's instructions. 

They were sterilized by autoclaving at 121°C, 15psi for 

15 minutes.  

 

Determination of fungal load from currencies and its 

prevalence 
The rinse method of Matur et al. (2010) was adopted for 

the isolation and determination of fungal load. Each 

paper currency note was soaked separately in universal 

bottle containing 10 ml of sterile normal saline and 

shaken vigorously. This was allowed to stand for 30 

minutes while the resulting fluid served as the test 

sample. Tenfold serial dilution was prepared from the 

test sample (10
-1

-10
-3

) using one milliliter of the test 

sample in sterile buffered peptone water at the 

appropriate dilutions. One milliliter of the samples was 

inoculated into Sabourauds dextrose agar in duplicates 

using the pour plate method and incubated for 72hours at 

27±1
o
C. Colonies were counted and expressed as colony 

forming unit per milliliter (CFU/mL) (Cheesbrough, 

2006).  

 

Identification of fungi 

The moulds were identified on the basis of cultural and 

microscopic characteristics using the slide culture 

technique and lactophenol blue mount of fungal isolates 

according to the method described by Esimone et al. 

(2010). This was matched with standard description on 

fungi Atlas.  Yeast was identified on the basis of colony, 

cell morphology and biochemical tests as described by 

Esimone et al. (2010).   

 

Molecular Identification 

Molecular assays were carried out on two novel fungal 

organisms isolated from the naira notes according to 

Bosshard et al. (2003) at International Institute of 

Tropical Agriculture (IITA) Ibadan, Nigeria. A 

proprietary formulation [microLYSIS®-PLUS (MLP), 

Microzone, UK] was subjected to the rapid heating and 

cooling of a thermal cycler, to lyse the cells and release 

deoxyribonucleic acid (DNA). Following DNA 

extraction, Polymerase Chain Reaction (PCR) was 

employed to amplify copies of the rDNA in vitro. The 

quality of the PCR product was assessed by undertaking 

gel electrophoresis.  

 

PCR purification step was carried out to remove 

unutilized dNTPs, primers, polymerase and other PCR 

mixture compounds and obtain a highly purified DNA 

template for sequencing. This procedure also allowed 

concentration of low yield amplicons. Sequencing 

reactions were undertaken using BigDye® Terminator 

v3.1 kit from Applied Biosystems (Life Technologies, 

UK) which utilises fluorescent labelling of the chain 

terminator ddNTPs, to permit sequencing. Removal of 

excess unincorporated dye terminators was carried out to 

ensure a problem-free electrophoresis of fluorescently 

labelled sequencing reaction products on the capillary 
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array AB 3130 Genetic Analyzer (DS1) DyeEx™ 2.0 

(Qiagen, UK).  Modules containing prehydrated gel-

filtration resin were optimized for clean-up of 

sequencing reactions (ITS-region sequencing) containing 

Big Dye® terminators. Dye removal was followed by 

suspension of the purified products in highly deionized 

formamide Hi-Di™ (Life Technologies, UK) to prevent 

rapid sample evaporation and secondary structure 

formation.  

 

Samples were loaded onto the AB 3130 Genetic 

Analyzer and sequencing undertaken to determine the 

order of the nucleotide bases (adenine, guanine, cytosine, 

and thymin) with the forward and reverse primers. 

Sequence similarities were determined through Blast 

analysis available on the National Centre for 

Biotechnology Information (NCBI) Database. The 

strains were identified using 16s rDNA sequencing 

analyses. 

 

STATISTICAL ANALYSIS 

The data obtained was subjected to one-way ANOVA 

using SPSS version 21. P-values < 0.05 were considered 

significant. Mean partitioning was performed using 

Tukey test. 

 

RESULTS 

Physical Conditions and Microbial Load of Paper 

Currency used for the Study. 

The currency notes were first examined to ascertain their 

physical conditions. Table 1 showed that 74.16% of the 

currency notes used were dirty and mutilated while 

25.83% were dirty. Mint notes were used as control. The 

microbial load on Table 2 showed that N100 notes had 

the highest fungal count of 8.50x10
2
 while N5 had the 

least fungal count of 1.10x10
2 

cfu/ml. No fungus was 

recovered from the mint notes. 

 

Isolation and Characterization of Fungi from 

Currency Notes. 

Fungal isolates from the examined currency notes are 

Penicillium citrinium, Aspergillus niger, Aspergillus 

flavus, Aspergillus terrus, Mucor hiemalis, Rhizopus 

stolonifer, Chaetomium indicum, Gymnacella 

hyalinospora, Saccharomyces cerevisiae, and Candida 

spp as shown in Table 3 and 4C.  

 

Prevalence of Fungi from different Currency 

Denominations. 

Prevalence studies from different currency 

denominations showed that N100 note had 22.4% 

microbial load which accounts for the highest frequency 

while N1000 note had the least microbial load frequency 

of 5.52%. Aspergillus niger had the highest fungal 

occurrence of 6.8% while Aspergillus terreus had the 

least occurrence of 0.65% as shown in Table 5. 

 

Molecular Characterization of Choice Isolates 

The result of the molecular typing showed that the two 

novel fungal isolates from the currency notes were C. 

indicum and G. hyalinospora whose gene sequences are 

shown in figures 1 and 2 respectively. 

 

Table 1: Physical condition of paper currency collected from different occupation Groups. 

Denominations (N) Paper Polymer Dirty/Multilated Production Year Total 

5 - + 15 2013-2015 15 

10 - + 15 2014-2016 15 

20 - + 15 2012-2017 15 

50 - + 15 2013-2016 15 

100 + - 15 2012-2014 15 

200 + - 15 2015-2017 15 

500 + - 15 2007-2014 15 

1000 + - 15 2007-2016 15 

Total   120  120 

 

Table 2: Fungal Counts from Mutilated Naira Notes.  

Denomination(Naira) Number Examined Total Fungal Count (CFU/ml) 

5 15 1.10x10
2
 

10 15 1.56x10
2
 

20 15 1.42x10
2
 

50 15 3.54x10
2
 

100 15 8.50x10
2
 

200 15 6.56x10
2
 

500 15 3.42x10
2
 

1000 15 1.26x10
2
 

No organism was recovered from the mint currencies 
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Table 3: Characteristics of Fungal Isolates 

Colony appearance  Microscopic appearance  
Suspected 

organism 

White folded colonies on potato Dextrose Agar. Reverse 

is pale yellow without pigmentation. 

Septate hyphae with conidiophores bearing 

brush like conidia. 

Penicillium 

citrinium 

Powdery rapid growing black colonies. Reverse is pale 

yellow and no pigmentation. 
Septate hyphae with sprinkler conidia. 

Aspergillus 

niger  

White colonies, rapid growing that turns green. Reverse 

is cream without pigmentation. 
Septate hyphae with sprinkler conidia. 

Aspergillus 

flavus 

Cinnamon colonies, rapid growing. Reverse is golden 

without pigmentation  

Septate hyphae, conidia are small and 

smooth. 

Aspergillus 

terrus 

White cottonly colonies that grows rapidly, no 

pigmentation. 

Non-septate thick hyphae with round 

collumella and sporangia  
Mucor hiemalis 

White cottonly colonies that turns grey – black, growth 

is rapid and does not produce pigment. 

Non-septate, cottonly mycelium with stolon 

and rhizoids. 

Rhizopus 

stolonifier 

Rapid growing yellow cottonly colonies. Reverse is 

yellow, no pigmentation. 

Septate hyphae, perithecia are large, dark 

brown to black in colour, globose to flask 

shaped, filamentous, hair-like appendages. 

Chaetomium 

indicum 

Initially flat with glabrous(smooth) yellow-gray surface 

mycelium overlaid with sparse tufts of cottonly-white 

aerial hyphae and an orange-brown reverse. 

Vegetative hyhae are narrow commonly 

measuring 2-3µm and showing swelling up 

to 4-5µm wide at one end of a cell. 

Gymnacella 

hyalinspora 

 

Table 4: Identification of Yeast Isolates.  

Colony 

Characteristics 

Microscopic 

features  

Urease 

test 
Fermentation Test Assimilation Test 

Suspected 

organisms 

   Glu mal Suc  Lac man Xy Raff Glu mal suc Lac Man Xy Raff  

Rapid growing, 

flat, smooth, 

moist, 

glistering, 

cream to 

tannish cream 

colonies 

Presence of 

blastoconidia, 

multipolar 

budding, 

absence of 

hyphae. 

- + - - - - - - + - + - + - - 
Saccharomyces 

cerevisiae 

Rapid growing, 

pasty, 

glistening, 

cream colonies, 

wrinkled on 

further 

incubation. 

Gram- positive 

budded yeasts 

chlamydospores 

are present at 

the end of the 

hyphae on corn-

meal agar 

- + + - - - - - + + + + - + - Candida spp 

Glu- Glucose, Mal- Maltose, Suc-Sucrose, Lac-Lactose, Man- Mannitol, Xy- Xylose, Raff- Raffinose. 

 

Table 5: Prevalence of Fungi Isolates from Different Currency Denominations.  

Currency Denomination Frequency (%) 

Fungi N 5 N 10 N 20 N 50 N 100 N 200 N 500 N 1000 Total 

P. citrinium - - 2(1.67) 2(1.67) 2(1.67) 2(1.67) 1(0.83) 1(0.83) 10(3.2) 

A. niger 1(0.83) 4(3.33) 2(1.67) 2(1.67) 6(5.0) 2(1.67) 2(1.67) 2(1.67) 21(6.8) 

A. flavus 1(0.83) 1(0.83) 1(0.83) 2(1.67) 4(3.33) 3(2.5) 2(1.67) 1(0.83) 15(4.9) 

A. terrus - - - - 1(0.83) 1(0.83) - - 2(0.65) 

M. hiemalis 1(0.83) 1(0.83) 1(0.83) 4(3.33) 2(1.67) 2(1.67) 2(1.67) 2(1.67) 15(4.9) 

R. stolonifier - - - 1(0.83) 2(1.67) 2(1.67) 1(0.83) 1(0.83) 7(2.3) 

C .indicum - 1(0.83) - - 2(1.67) 2(1.67) 1(0.83) - 6(2.0) 

G. hyalinospora - 1(0.83) - - 4(3.33) - - - 5(1.6) 

Candida spp - 2(1.67) 1(0.83) 1(0.83) 3(2.5) 1(0.83) 1(0.83) 1(0.83) 10(3.2) 

S. cerevisiae 2(1.67) - 1(0.83) 1(0.83) - - - - 4(1.3) 

Total 5(4.16) 10(8.32) 8(6.66) 13(10.83) 26(21.67) 15(12.51) 10(8.33) 8(6.66) 95(30.85) 

(Figures in parentheses are percentages) n=120. 
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AO33 A04 

CATTTGATCTTACTTGATCTGAGGTTACCTAAGAAGAATAGACTGGTAGGCTGGCGCCGGTCCTGGCTGG

TGAGCGTGTGACAGAGCCCCATACACTCAGGCCGTTGGATAACCACGACGCCGCCACTGCATTTCGGGCC

CGTCCCCCATTCGGGACGAATAAAGACCCATCACACAAGCCGGGCTTGATTGGTGCAATGACGCTCGGAC

AGGCATGCCCCCCGGAATACCAGAGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACGGAATTCTGCA

ATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCTGGAACCAAGAGATCCGTTGTTGAAAGT

TTTAATGATTAAATCAATCACTCAGACAGTCACTCATCAGCAAAGAGTTCAGTTGTGGTTCTCTGGCGGG

CGCGGGCCCGGGGACTGCTCCCCAAGGCGGCTCCCCCCGTGAGGGGTTCGCGGGCCCGCCAAAGCAACG

AGGTTCGGTAGACACGGGTGGCCAGTTGCGGGAGCACGCCCCTGTTTAGGGGGCGTGTCCCGGCGGCAC

TGTAATGATCCTTCCGCAGGTTCACCTACGGAAACCTTGTTACGATTTTTTAACTTTCCACCCTTCGCTTAT

TTATGTCCCCCCCCTTATTATTATTTTTAACCCCCATCTTATTATTATTCCCCCCCCCCTCCTATAATTACTA

CCCCCCCCCTTTG 

Figure 1: 16srDNA Sequence for C. indicum. 

 

B206 B04 

GGCGAAGCAAGCTATTGATCTGAGGTCACCTTTGGGTACCCCTTGGGGGGTGGGTTTCACGGCCGGAACC

CGCCGCACGCCCTGAGCGAGACAGAGAAGCTACTACGCTCGGTGTGGTCAGCGAGCCCGCCACTGGTTTT

CAGGGCCTGCGGGCGCGCCGCAGGTCCCCAACACAAGCCGGGGGCTTGATGGTTGAAATGACGCTCGAA

CAGGCATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGC

AATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGAAAG

TTTTGACTTATTCAGTACAGAAGACTCAGAGAGGCCACGAAAATTCAAGAGTTTGTTGGGTCTCCGGCGG

GCCCCCCGGAGGGGGCTGAGGGCGCGGGCGCGCCGCCCGCCGAAGCAACGATATTGGTAGCGTTCACGA

TGGTTTGGGAGTTTTGCAACTCTGTAATGATCCCTCCGCTGGTTCACCAACGGAGACCTTGTTACGCTTTT

TTACTTCCATCGACTC 

Figure 2: 16srDNA Sequence for G. hyalinospora. 

 

DISCUSSION 

A fomite also called passive vector is any inanimate 

object (such as paper, dish, doorknob, or article of 

clothing) that, when contaminated with or exposed to 

infectious agents (such as pathogenic bacteria, viruses or 

fungi), can transfer disease to a new host. Contamination 

can occur when one of these objects comes into contact 

with bodily secretions, like nasal fluid, vomit, or feces. 

Disease transmission through paper currency notes have 

been studied in different countries (Saadabi et al., 2011; 

Uraku et al., 2012; Jawed et al., 2017; Ademokoya, 

2018). 

 

Recent studies demonstrated that currency notes and 

coins were contaminated by fungi. Fungi isolated and 

characterized from the examined currency notes include 

Penicillium citrinum, Aspergillus niger, Aspergillus 

flavus, Aspergillus terus, Mucor hiemalis, Rhizopus 

stolonifer, Chaetomium indicum, Gymnascella 

hyalinospora, Saccharomyces cerevisiae and Candida 

spp. The novel currency notes isolates, Chaetomium 

indicum and Gymnascella hyalinospora, are human 

pathogens and also implicated in allergic reactions.  

 

Some of these organisms also correspond with those 

reported by Saadabi et al., (2011). Okungbowa and Dede 

(2010) reported fungi such as Aspergillus, Fusarium, 

Mucor, Penicillium and Rhizopus from abused naira 

denominations in Benin City, Nigeria. Aspergillus niger 

was also the most prevalent fungi (6.8%). This could be 

in connection to its spore forming ability. The studies of 

Prassai et al. (2008) demonstrated the presence of 

heterotrophic aerobic bacteria on 98.4% of the total 

paper/polymer currency notes and coins tested. Besides 

all these, Kuria et al. (2009) also isolated yeasts 

(Candida spp and Cryptococcus) from currency notes in 

Nigeria. 

 

Thus, naira currency notes are very potent fomites for 

fungal disease transmission as revealed in the study. 

 

CONCLUSION 

The detection of pathogenic fungi in significant numbers 

indicated that the currency notes are highly 

contaminated; hence agents of disease transmission. 
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