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Abstract

Background

The effect of leprosy on the sense of smell is not yet fully established. Studies that have

relied only on patients’ perceptions may have under- or over-estimated the change in smell

perception. A validated and psychophysical method is necessary to avoid these errors in

assessment.

Objectives

This study aimed to validate the existence of olfactory involvement in leprosy patients.

Methods

A cross-sectional, controlled study was conducted, in which individuals with leprosy

(exposed individuals) and individuals without leprosy (control patients) were recruited. For

each exposed individual, we selected two control patients. A total of 108 patients (72 control

patients and 36 exposed individuals) with no history of infection with the new coronavirus

(COVID-19) took the University of Pennsylvania Smell Identification Test (UPSIT).

Results

Most exposed individuals had olfactory dysfunction [n = 33, 91.7% (CI 95%: 77.5%–98.3%)]

when compared with the control patients [n = 28, 38.9% (CI 95%: 27.6%-51.1%)], but only

two (5.6%) had olfactory complaints. The olfactory function was significantly worse among

exposed individuals [UPSIT leprosy = 25.2 (CI 95%: 23.1–27.3) when compared with the
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UPSIT control patients = 34.1 (CI 95%: 33.0–35.3); p<0.001]. The risk of olfactory loss was

higher among the exposed individuals [OR: 19.5 (CI 95%: 5.18–105.70; p < 0.001)].

Conclusions

Olfactory dysfunction was highly prevalent among exposed individuals, although they had

little or no self-knowledge of the disorder. The results show that it is important to assess the

sense of smell in exposed individuals.

Author summary

Leprosy is one of the oldest neurocutaneous diseases in the world. However, it has been

neglected by the general population, doctors, and scientists. Transmitted by Mycobacte-
rium leprae and Mycobacterium lepromatosis, leprosy is met with stigma and prejudice.

Some patients with leprosy (exposed individuals) keep their diagnosis a secret, fearing a

negative impact on their social lives. The disease is characterized by white or red skin

lesions associated with local numbness. Few studies have evaluated smell among exposed

individuals, but they have not used the University of Pennsylvania Smell Identification

Test (UPSIT), which is a validated psychophysical method. The present study found a

high prevalence of olfactory impairment (91.7%) among exposed individuals, accompa-

nied by low self-knowledge of the disorder (5.6%). It is thus important to assess the sense

of smell in infected individuals, as this sensorineural assessment has not been performed

as a routine for patients.

Introduction

Leprosy, or Hansen’s Disease (HD), is a chronic granulomatous neurocutaneous disease that is

caused by non-culturable acid-alcohol-resistant bacilli, Mycobacterium leprae and Mycobacte-
rium lepromatosis [1,2]. These infectious agents multiply slowly, and the incubation period is

long (about five years, but can exceed 40 years) [3]. Traditionally one of the most stigmatized

diseases, leprosy continues to be associated with the ideas of sin, impurity, and punishment

[4]. Even though the disease has a cure, some patients keep their diagnosis a secret, fearing a

negative and stigmatizing image, as seen throughout history [5].

Despite efforts to eradicate it world over [6], leprosy is a neglected disease. Brazil, where

this study was conducted, has the second largest number of cases in the world, preceded by

India [7]. At the beginning of the 2000s, approximately 94% of new cases diagnosed in the

Americas are reported in Brazil. Northeast, North, and Midwest Brazil report the highest inci-

dence. Fortunately, over the last few decades, prevalence rates have fallen as a result of the con-

solidation of multidrug therapies (MDT) [8].

Leprosy affects the cooler regions of the body, mainly the skin, peripheral nerves, eyes, and

the mucous membrane of the upper respiratory tract [1]. It affects hearing [9], vision [10],

taste [11], and smell [12]. The data, based on the evaluation method, suggest that olfactory dys-

function occurs in 40–100% of leprosy cases, which may help diagnose the disease, and facili-

tate the implementation of timely interventions [12,13]. However, less accurate olfactory tests

were used in these studies. Some studies have suggested that patients are often unaware of an

olfactory loss [14], which brings into question whether the prevalence of olfactory loss in lep-

rosy is likely to be much higher than expected.
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Just as the nasal deformity alters the quality of life of several patients [15], olfactory alter-

ations can have negative consequences for these individuals, especially once it influences their

nutrition, safety, and well-being [16]. This study explores the olfactory dysfunctions and

encourages an evaluation routine among leprosy patients through a complete, validated olfac-

tory test [17].

Methods

A cross-sectional, controlled study was conducted, in which individuals with leprosy (exposed

individuals) and individuals without leprosy (control patients) were recruited. For each

exposed individual (new cases sampled at the time of diagnosis and existing cases undergoing

MDT), we selected two control patients. The study was conducted through non-probabilistic

convenience sampling, which means that all cases of leprosy in the city of Londrina-PR, from

March 1, 2021 to February 28, 2022, were included in the study, provided that they met the

inclusion/exclusion criteria and that the patients involved agreed to participate. A signed con-

sent form was obtained from all patients before participation. The study was approved by the

Ethics Committee in Research Involving Human Beings at State University of Londrina,

CAAE: 42159420.0.0000.523.

We excluded patients aged under 18 years [17], those who had olfactory disease caused by

traumatic brain injury, radiation therapy to the face, and post-airway infection dysfunctions

(including COVID-19) [18], and those who did not understand the procedures involved in the

test (16 individuals in all).

For data collection, patients were asked to fill out a form and medical information was

retrieved from their electronic medical records. A test with 40 odors, namely the University of

Pennsylvania Smell Identification Test (UPSIT) [17], was conducted to assess the olfactory

function. Each participant was given 4 booklets with 10 substances, which they had to scrape

and sniff, before identifying them by marking an option from among four alternatives. They

had to choose one (see supplementary material). The UPSIT value ranged from 0 to 40, based

on the number of correct answers, classifying the olfactory function of the individual as nor-

mosmia, hyposmia, anosmia, or possible simulator. This categorization differed when applied

to men and women, wherein the latter presented greater olfactory acuity [17].

We performed Fisher’s Exact Test to compare categorical variables. Continuous variables

were analyzed using the Wilcoxon-Mann-Whitney Test. After verifying the normality of the

quantitative variables using the Shapiro-Wilk test, the nonparametric Mann-Whitney and

Kruskal-Wallis tests were used to compare the results obtained. Spearman’s nonparametric

correlation test was used to verify the relationship between discrete quantitative variables. A

comparison of the risk of olfactory loss between the exposed and control groups was carried

out using logistic regression. We considered the values of statistical significance (p-value)

under 0.05. The 95% confidence interval was calculated. All data were compiled in an Excel

spreadsheet for further statistical analysis. Stata (version 13.0, Statacorp Texas), Jamovi, and R

studio were used for statistical analysis.

Results

We recruited 108 individuals (36 exposed individuals, 72 control patients). Table 1 presents

the main data. The average age of the individuals was 53.3 years (range: 24–91 years). Further,

52.8% were men and 47.2% were women. Most exposed individuals had olfactory disorders

[n = 33 or 91.7% (CI 95%: 77.5–98.3)] when compared to the control group [n = 28 or 38.9%

(CI 95%: 27.6%-51.1%)], but only two (5.6%) had olfactory complaints. Multibacillary (86.1%)
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Table 1. Clinical and demographic characteristics (N = 108).

Characteristics Leprosy (n = 36) Control (n = 72)

Age, years

mean±SD 53.3±18.1 53.3±18.1

minimum–maximum 24–91 24–91

Sex, n˚ (%)

male 19 (52.8) 38 (52.8)

female 17 (47.2) 34 (47.2)

Race, n˚ (%) #

white 21 (58.6) 43 (59.7)

non-white 15 (41.4) 29 (40.3)

Salary income per family, n˚ (%)$

2 or less 23 (63.9) 32 (44.4)

3–4 8 (22.2) 38 (52.8)

5–9 3 (8.3) 2 (2.8)

10–19 1 (2.8) 0 (0.0)

More than 20 1 (2.8) 0 (0.0)

Level of schooling, n˚ (%)

incomplete middle school 13 (36.1) 13 (18.1)

< middle school 6 (16.7) 5 (6.9)

some high school 3 (8.3) 1 (1.4)

complete high school 7 (19.4) 23 (32.0)

some college 1 (2.8) 6 (8.3)

bachelors or higher 6 (16.7) 24 (33.3)

Leprosy classification, n˚ (%) §

multibacillary 31 (86.1) not applicable

paucibacillary 5 (13.9) not applicable

Grade 1 disability, n˚ (%) &

with incapacity 6 (16.7) not applicable

Olfactory complaints, n˚ (%) *
with complaints 2 (5.6) not applicable

Smoking history, n˚ (%)

with history

UPSIT

4 (11.1) 26 (36.1)

altered,n˚ (%) 33 (91.7) 28 (38.9)

mean±SD 25.2±6,2 34,1±1.2

minimum–maximum 8–36 21–40

Nasal deformity, n˚ (%)

with deformity ¶ 3 (8.3) not applicable

Laboratory tests, n˚ (%)

altered† 6 (16.7) not applicable

# self-defined race by participants.

$ minimum wage in Brazil in 2021.

§ Borderline-borderline (20/36); Lepromatous leprosy (4/36); Borderline-lepromatous (4/36); Tuberculoid (4/36);

Borderline-tuberculoid (3/36); Indeterminate (1/36).

* olfactory complaint self-reported by the participant before the test was conducted.

¶ deviated septum (2/36); nasal polyp (1/36)

† changes related to cholesterol, blood glucose, thyroid-stimulating hormone (TSH), and iron deficiency anemia.

https://doi.org/10.1371/journal.pntd.0010888.t001
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prevailed, with the borderline-borderline form being the most prevalent in the clinical classifi-

cation, with 20 cases (55.6%).

The two exposed individuals (5.6%) who were conscious of their olfactory loss were both

men and had the borderline form. One was 45 years of age and a smoker of 14 pack-years, and

had severe hyposmia (UPSIT = 22). The other was 62 years of age, and had anosmia

(UPSIT = 8).

Olfactory function was significantly worse among exposed individuals [UPSIT leprosy = 25.2

(CI 95%: 23.1–27.3) vs. UPSIT controls = 34.1 (CI 95%: 33.0–35.3); p< 0.001]. The risk of

olfactory loss was higher among the exposed individuals [odds ratio (OR): 19.5 (CI 95%: 5.18–

105.70; p< 0.001)]. Olfactory function was negatively and positively correlated with age

(p = 0.032) and educational level (p = 0.028), respectively. Most exposed individuals had anos-

mia or severe hyposmia (5 and 14, respectively), whereas control patients had normosmia or

mild hyposmia (44 and 20, respectively; see Tables 1,2 and 3).

Correlation analysis was conducted to verify the correlation between age and UPSIT scores

(Spearman’s rho = -0.36; CI 95%: -0.521 to -0.031; p = 0.032). In relation to family income and

olfactory function, correlation analysis was performed (Spearman’s rho = 0.06; p = 0.720; see

Table 3). No correlation was found between treatment duration and UPSIT scores (Spear-

man’s rho = 0.01; p = 0.965, Table 3, Figs 1 and 2).

Women scored 1.97 and 1.68 more points in the UPSIT than did men among the exposed

individuals (Spearman’s rho = 0.028; p = 0.46) and control patients (Spearman’s rho = 0.196;

p = 0.09), respectively. To analyze the response variable (UPSIT) as a function of the ordinal

qualitative explanatory variables (education), correlation analysis was performed [exposed

individuals (Spearman = 0.37; CI 95%: 0.048–0.561; p = 0.028)] vs. [control patients (Spear-

man’s rho = 0.36; CI 95%: 0.326–1.500; p = 0.002)] (see Table 3).

We performed a normality test (Shapiro-Wilk) among exposed individuals to verify the

response variable (UPSIT) as a function of the explanatory multivariable of sex, age, and

Table 2. UPSIT based on sex distribution (N = 108).

UPSIT Leprosy group Control group

Female n = 17 Male n = 19 Female n = 34 Male n = 38

Anosmia (n, %) 2 (1.8) 3 (2.8) 0 (0.0) 0 (0.0)

Severe hyposmia (n, %) 5 (4.6) 9 (8.3) 2 (1,8) 3 (2.8)

Moderate hyposmia (n, %) 6 (5.6) 2 (1.8) 0 (0.0) 3 (2.8)

Mild hyposmia (n, %) 2 (1.8) 4 (3.6) 7 (6.5) 13 (12.0)

Normosmia (n, %) 2 (1.8) 1 (0.9) 26 (24.1) 18 (16.7)

https://doi.org/10.1371/journal.pntd.0010888.t002

Table 3. UPSIT correlation coefficients with select characteristics (N = 108).

Variables Leprosy group (n = 36) Control group (n = 72)

Rho p Rho p

Age -0.36 0.032 -0.56 <0.001

Level of schooling 0.37 0.028 0.36 0.002

Family income 0.06 0.720 0.14 0.222

Treatment duration 0.01 0.965 Na Na

UPSIT: University of Pennsylvania Smell Identification Test, Rho: Spearman´s rho correlation coefficient, Na: not

applicable.

Schooling and income variables were categorized from 1 to 6, and 1 to 5, respectively.

https://doi.org/10.1371/journal.pntd.0010888.t003
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schooling (nominal, discrete, and ordinal qualitative, respectively). The residuals followed nor-

mal distribution, with adjusted R2 (0.639) and Akaike information criterion (184). The best

female UPSIT interaction model was 29.7 + (2.3 x sex) + (-0.12 x age) + (1.04 x education) and

p = 0.033.

Among the exposed individuals, only six patients (16.7%) had a degree of disability, namely

grade 1. Four patients (11.1%) had a history of smoking, with 10, 11, 14, and 24 cigarette pack-

years. None of the patients had septum perforation and nasal collapse. Deformities (8.3%)

were related to septal deviation and the presence of polyps (see Table 1).

To evaluate UPSIT as a function of other variables (income, degree of disability, smoking,

olfactory complaints, reactions, deformities, and duration of treatment and the disease), other

multivariate analyses were performed but had no statistical significance (ps> 0.05). Table 4

shows that gasoline (25% correct) and leather (25% correct), and pickles (54.2% correct) and

motor oil (56.9% correct) were the substances with the greatest errors in identification among

exposed individuals and control patients, respectively.

Fig 1. Correlation between UPSIT and treatment duration in months. Rho: Spearman´s correlation coefficient.

https://doi.org/10.1371/journal.pntd.0010888.g001

Fig 2. Scatter plot showing UPSIT based on age between the exposed individuals and control patients. Both

groups show a negative correlation (Rho = -0.36, p = 0.032 and Rho = -0.56, p<0.001, respectively). Rho: Spearman

´s correlation coefficient.

https://doi.org/10.1371/journal.pntd.0010888.g002
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Discussion

Olfactory dysfunction was highly prevalent among exposed individuals (91.7%), although they

had little or no self-knowledge of the disorder (5.6%). Olfactory function was significantly

worse among exposed individuals [UPSIT leprosy = 25.2 (CI 95%: 23.1–27.3)] when compared

Table 4. Percentage of correct answers for each odorant among exposed individuals and control patients

(N = 108).

Odorants Leprosy group (n = 36) Control group (n = 72) p*
01.Pizza 33.3 70.8 <0.001

02.Bubble gum 55.6 84.7 0.002

03.Menthol 63.9 94.4 <0.001

04.Cherry 72.2 94.4 0.002

05.Motor oil 69.4 56.9 0.295

06.Mint 83.3 97.2 0.016

07.Banana 61.1 86.1 0.006

08.Clove 63.9 95.8 <0.001

09.Leather 25.0 93.1 <0.001

10.Coconut 52.8 93.1 <0.001

11.Onion 83.3 98.6 0.005

12.Fruit juice 58.3 88.9 <0.001

13.Baby powder 86.1 97.2 0.040

14.Jasmine 52.8 88.9 <0.001

15.Cinnamon 75.0 87.5 0.110

16.Gasoline 25.0 90.3 <0.001

17.Strawberry 75.0 83.3 0.314

18.Coffee 38.9 87.5 <0.001

19.Gingerbread 72.2 80.6 0.337

20.Apple 72.2 65.3 0.519

21.Perfume 80.6 90.3 0.223

22.Flower 61.1 93.1 <0.001

23.Peach 75.0 84.7 0.293

24.Tire rubber 80.6 95.8 0.015

25.Pickles 80.6 54.2 0.011

26.Pineapple 66.7 98.6 <0.001

27.Raspberry 86.1 86.1 1.00

28.Orange 30.6 84.7 <0.001

29.Walnut 52.8 65.3 0.218

30.Watermelon 66.7 86.1 0.024

31.Solvent 66.7 73.6 0.502

32.Grass 66.7 56.9 0.406

33.Smoke 77.8 88.9 0.154

34.Wood 61.1 90.3 0.001

35.Grape 66.7 90.3 0.006

36.Garlic 86.1 88.9 0.757

37.Soap 83.3 90.3 0.352

38.Natural gas 75.0 90.3 0.046

39.Rose 63.9 79.2 0.106

40.Peanut 75.0 91.7 0.035

*Statistical significance accessed with Fisher exact test.

https://doi.org/10.1371/journal.pntd.0010888.t004
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with the control patients [UPSIT control patients = 34.1 (CI 95%: 33.0–35.3); p<0.001]. The

risk of olfactory loss (Odds ratio or OR) was higher among exposed individuals [OR: 19.5 (CI

95%: 5.18–105.70; p< 0.001)].

Mishra et al. (2006) [14] investigated olfactory dysfunction in leprosy patients, and reported

olfactory impairment in all exposed individuals in their sample. They used an olfactory test

involving 12 substances (the Brief-Smell Identification Test, or B-SIT). Unfortunately, this

smaller test does not classify an individual as having anosmia, or mild, moderate, or severe

hyposmia, as in the UPSIT [19] (see Supplementary Material).

As identified by previous studies that observed the olfactory alteration in leprosy [13,14],

we need to analyze and understand the prevalence of olfactory alteration in leprosy. Acknowl-

edging this, we realized that olfactory assessments are not routinely undertaken, as is this case,

for example, concerning the ophthalmic part, also affected by leprosy. Thus, the study shows

the importance of conducting chemosensory tests on a regular basis.

In exposed individuals, there was a negative between the UPSIT and age (Spearman’s rho =

-0.36; CI 95%: -0.521 to -0.031; p = 0.032). Doty and Kamath (2014) described a decrease in

smell with age in the general population [20]. Therefore, the tendency to lose the sense of smell

with advancing age may exist among exposed individuals (Table 3).

Our study showed that women tended to have better UPSIT scores [17]. Women scored

1.97 more point than men. Although previous research showed an association [21], the family

income of this sample studied was not relevant vis-a-vis the UPSIT (Spearman = 0.06;

p = 0.46) (Table 3). The education attainment of the individuals in the sample studied showed

a positive correlation with the UPSIT, which was statistically significant (Spearman = 0.37; CI

95%: 0.048–0.561; p = 0.028). Fornazieri et al. (2019) claimed that a better olfactory function

exists among individuals in the general population with a higher level of educational attain-

ment because these individuals may use cognitive strategies and life experiences to differentiate

the sense of smell. This pattern of better UPSIT values with higher levels of education may

exist among exposed individuals [21] (Table 3).

Treatment duration did not have a significant positive correlation with the UPSIT (Spear-

man = 0.008; p = 0.965; see Table 3 and Fig 1). When Mishra et al. (2006) applied the B-SIT

test, they did not show any improvement in olfactory function with treatment [14]. For the

prognosis of improvement, this finding is problematic, given that the treatment may not

improve this function and that sometimes, it does not improve the thermal, painful, and tactile

sensitivities, because of the destruction of the sensory nerves. Mishra et al. showed greater loss

in the Virchowian pole [14]. However, our results indicated no correlation with the UPSIT

(Spearman = 0.178; p = 0.070) because 55% of the individuals presented borderline-borderline,

and only 11% presented the lepromatous leprosy.

The anatomical alterations were low among exposed individuals (n = 3, or 8.3%). There

were no cases of septal perforation and nasal alae collapse. The history of smoking in the sam-

ple was low (n = 4, or 11.1%). Only six patients (16%) had a degree of disability (grade 1).

Owing to these low numbers, it was not possible to establish a correlation between these find-

ings and the UPSIT (see Table 1).

The authors are concerned that gasoline was one of the substances with the greatest errors

in identification (25% accuracy), as it is a flammable, combustible material. A patient with lep-

rosy may have a certain degree of visual and tactile incapacity and, without realizing it, may

put their life at risk.

Multiple factors may be involved in anosmia (total loss of smell) or hyposmia (decreased

smell) in leprosy, such as the direct action of the agent causing damage to the olfactory recep-

tors and bulb in the disease process. Bipolar olfactory cells are not myelinated and therefore

germinate from basal cells and project directly into the olfactory bulb through the cribriform
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plate, as these are invasion routes for toxic agents, viruses, and bacilli (such as M. leprae and

M. lepromatosis).
Leprosy is a secondary cause of atrophic rhinitis [14]. The main characteristics of leprosy

rhinitis are chronicity, the absence of acute phenomena, and the incomplete obstruction of the

nasal mucosa, presenting dryness and crust-formation [22]. As the condition progresses, it fre-

quently produces perforations of the septum, and causes the destruction of the cartilaginous

part and collapse of the nasal ala [23].

We hypothesize that olfactory loss in patients with leprosy may occur because of the

involvement and destruction of receptor axons and the olfactory bulb by the bacillus, as they

are situated in the paths taken by the agent, as is the case with other aggressive agents.

Olfactory dysfunction may be related to the lack of full recovery of smell because of the

latency of the onset of symptoms and their treatment, as it happens in some infections like

COVID-19 [18,24]. As leprosy is a neglected disease, there may be a delay in the diagnosis and

initiation of treatment; and a delay of six months of typical nervous symptoms of leprosy is

usually irreversible [1]. The lack of correlation between the duration of the disease and a poor

UPSIT score in the present study may have been related to the patients’ delay in noticing the

initial spots and suspecting leprosy only when there was a lack of sensitivity. This may mean

that the duration of the disease reported by the patients may have been underestimated in rela-

tion to the point in time when it was contracted.

The present study did not observe septum perforations and nasal ala collapse, both of which

can negatively influence olfactory function. We encourage a frequent clinical evaluation of patients

with leprosy through the UPSIT, because most exposed individuals presented high prevalence of

the disease (91.7%), whereas only 5.6% were able to acknowledge the loss of the sense of smell.

Leprosy is thus a silent and reckless disorder, as smell is also a sense of alertness and protection.

One limitation of this study is that it was cross-sectional, and used a convenience sample

based only on participants living in Londrina-PR. The exclusion of participants also limited

our study, as we excluded symptomatic participants infected by COVID-19 (n = 14) in addi-

tion to one individual who had traumatic brain injury (stroke) and was unable to understand

the complexity of the test (n = 1). Previous infection with the SARS-CoV-2 can permanently

impair olfactory capacity. Confirmation bias may have occurred in the study owing to the dif-

ferent cognitive levels among the participants.

Conclusion

Most individuals examined presented olfactory dysfunction (91.7%). Only 5.6% were able to

acknowledge the loss of the sense of smell, suggesting that it is important to assess the sense of

smell in patients with leprosy. Olfactory alterations were correlated with patients with lower

educational attainment and older age groups.

Supporting information

S1 Fig. UPSIT offers 4 booklets, containing 10 pages each, totaling 40 substances in all.

Source: Author’s own illustration based on current booklets.

(TIFF)

S2 Fig. To release the odorant, the patient scrapes the square in the lower corner of each

page using a pencil suitable for the test. Once the odorant is released, the patient must choose

one of the four alternatives presented to identify the odor. Source: Author’s own illustration

based on current booklets.

(TIF)
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S3 Fig. Researcher holds the booklet as an example of how the test is performed. After

scraping the square in the lower page, the individual smells the odorant and tries to identify

the substance. Then, they select the appropriate option on the page. Source: Author’s own

photo file.

(TIFF)

S1 Table. UPSIT denotes University of Pennsylvania Smell Identification Test.

(DOCX)

S2 Table. UPSIT denotes University of Pennsylvania Smell Identification Test.

(DOCX)

S1 STROBE. STROBE Statement—checklist of items that should be included in reports of

observational studies.

(PDF)
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Methodology: Rogério Nabor Kondo, Milene Cripa Pizatto de Araújo, Paulo Muller Ramos,
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