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			Abstract | COVID-19 caused a significant number of infections and deaths since first appearance in December 2019 in Wuhan, China. Anosmia and hyposmia had been viewed as the first signs of COVID-19. However, these could also be triggered by preceding factors in the population or those twisted during pandemic. In this prospective cohort study, respondents were surveyed with a subjective smell test to notice the incidence of smell loss after nasopharyngeal sampling. Olfactory function was evaluated multiple times with a non-specific smell test using the balm (Iodex, GSK®) and items accessible to respondents at home. Olfactory function was qualitatively categorized based on the difficulty of smelling odor such as normal (normosomia), diminished (hyposmia), and absent (anosmia). Data about manifestation, comorbidities and smell function is carefully assessed before statistical analysis. The study involved 120 individuals, of which 52 (43.3%) were female and 68 (56.6%) were male. The average age of the participants was 37 ± 15 [min 16, max 72, IQR 46.5-26=21.5]. RT-PCR revealed the presence of SARS-CoV-2 in n = 6 (5%), with a mean Ct-value of 30.3 ±2.6. Post-NPS smell loss respondents were n=13(11%) among them n=3(23%) had SAR-CoV-2 while n=10(77%) were negative. Through Chi-square (χ2) test, p-value was revealed ≤0.05 [df 1] for smell loss in negative respondents compared to positive cases which shows that they might have lost smell due to different factors other than COVID-19 which are briefly discussed.
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			Introduction

			COVID-19 has severely affected the world since its beginning in Wuhan China, on December 2019 (Wu et al., 2020). Presently, pandemics have swayed 7 million people and caused 770 million infections. Several strategies have been developed to manage and diagnose disease such as before or after the presentation of the symptoms and its development over time in patients (Tostmann et al., 2020). COVID-19 cases were categorized based on indications such as symptomatic or asymptomatic. The primary objective during the pandemic was to diagnose both types of cases using COVID-19 testing (Guo et al., 2020). In symptomatic, COVID-19 produces several manifestations; for instance, fever, cough, sore throat, chills, dyspnoea, and myalgia are more regularly reported (Chen et al., 2021). In the critical scenario, viral tropism into organs resulted in septic shocks, severe pneumonia, acute respiratory distress syndrome (ARDS), and death (Li et al., 2021). 

			Subsequently, anosmia and hyposmia (smell loss) were considered as markers of COVID-19 because of their appearance before diagnostic testing and other symptoms (Moein et al., 2020). During pandemic, smell loss was reported alone in 5 to 50% cases or with dysgeusia (Hopkins et al., 2020). Smell loss can be caused by multiple factors that regulate or correlate with the olfactory system such as mental and physical health, age, gender or environment (Gögele et al., 2024). In these factors, ageing could be the leading cause of olfactory dysfunction in individuals usually above 60 years (Doty, 2018). Other factors such as environmental, neurodegenerative diseases, and psychiatric and socio-economic issues may also manifest identical conditions (Schwartz et al., 2019). Additionally, we have seen the expansion of COVID-19 and nucleic acid testing RT-PCR using swabs could impact olfactory function (Chau et al., 2020). 

			RT-PCR is considered a gold standard for SARS-CoV-2 detection which also assists in monitoring disease development and its severity in patients (Quraishi et al., 2023). The specimen for RT-PCR is usually obtained from the oropharynx, septum, saliva, throat, or nasopharynx. These sites give significant viral load to successfully detect SARS-CoV-2. However, the nasopharyngeal specimen has a high viral load at the start of infection therefore it is preferred to collect sample. The nasopharyngeal swab (NPS) technique may cause discomfort and anxiety in individuals after testing (Kim et al., 2022). Additionally, studies have reported smell loss responses before and after the NPS test using subjective response which indicates significance of NPS. Therefore, we aim to investigate the incidence of smell loss in COVID-19-negative cases after nasopharyngeal sampling and evaluate factors which might have impacted olfactory function. 

			Materials and Methods

			Study design and sampling

			The COVID-19 Sentinel facility/testing center of the outpatient department (OPD) hosted the impending prospective cohort research (Figure 1) in June and July of 2021. This center is situated in Kotri, Pakistan, at the District Headquarters Hospital (DHQ), Jamshoro. To choose eligible participants, convenience sampling was used. Iodex (balm) was used in a non-specific smell test to measure olfactory function (OF) both before and after a 30-minute NPS test. On the following study days, the volunteers were instructed to assess the smell using the scents of objects at homes. We called the respondents to assess OF after RT-PCR. Recovery time for COVID-19 and odor loss was measured. It should be noted that following the NPS, participants evaluated their perception of smell with the items available at their homes.
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			Figure 1: This flowchart shows the study design. A total of N=120 respondents went through a smell test and RT-PCR test to evaluate post-NPS smell loss. The respondents who signed consent forms were selected; they were further matched with study requirements such as normal smell function, age, and location. Smell is tested before and after nasopharyngeal sample collection.

			Eligibility criteria

			Respondents at least 16 years old with normal smell function who have never taken the NPS test previously were selected. Respondents with ENT (ear, nose, and throat) conditions, injuries, and olfactory dysfunction (OD) were not included.

			Consumables

			The disinfected swab with a flocking tip (GONGDONG®) was applied to collect nasopharyngeal (NP) specimens. For the smell test, we used Iodex (GSK®) at the testing center and thereafter perfume, coffee, and ginger based on the respondents choice. We used Abbot Kits (Abbot Labs) to extract the viral RNA and SANSURE kits (SANSURE BIOTECH) to detect SARS-CoV-2 in specimens. The specimen was amplified on ABI Quant Studio 5.

			Pre-NPS procedure

			The consent form was endorsed by respondents before participating in the concurrent study according to the rules of the Hospital and the IRB of the University of Sindh, Jamshoro. We have recorded data on a structured form to input manifestations, smell loss, and COVID-19-related information. A smell test was executed with the Iodex before NP specimen collection to affirm they have an ordinary OF (Figure ٢).
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			Figure 2: All participants were required to smell Iodex to confirm their smell status. Respondents with normal smell function before nasopharyngeal swab (NPS) testing were selected to conduct the study. Subsequently, a subjective smell test was performed after NPS to confirm the smell status of eligible participants.

			NPS-testing procedure

			The specimen was collected from the nasopharynx by specialists according to COVID-19 SOPs. For NPS, the respondent shifted face up at 70º and a swab was passed into the nostril delicately until reached the nasopharynx where it was rotated for 5 sec to get the maximum viral load (Figure 3). The collected specimen was placed into a viral transport medium tube for the RT-PCR. Following half-hour of the NPS test, respondents were evaluated with the Iodex to notify distinction in OF.
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			Figure 3: Sample was extracted from the nasopharynx using COVID-19 SOPs designed by CDC USA, and WHO guidelines, as a shown subject has a tilted head 70 degrees then the swab was passed into a nostril. The swab was rotated clockwise and anticlockwise for five seconds to get maximum viral load. After sample collection, respondents required to check the smell within 30 minutes to discover any change in OF. 

			Post-NPS procedure

			RT-PCR (fluorescence testing) was performed at the Diagnostic and Research Lab LUMHS Hyderabad under COVID-19 SOPs. After NPS, we guided the respondents to assess the OF using odorants available at home. Following that, we phoned participants for correspondence after three to five days of NPS to evaluate OF. The recuperation time of cases having smell loss and COVID-19 was noted.

			Statistical analysis

			Chi-square test was used to measure the smell loss in COVID-19 negative cases. To comprehend the overall distribution, Binomial test on 0.50 proportions was used. The categorical data are shown as frequency and per cent (%), continuous variables are shown as mean and standard deviation (SD). Excel 365 (Microsoft Corp.) and SPSS 25.0 (IBM) used for data analysis.

			Results and Discussion

			To find suitable individuals for the study, 520 interviews were conducted. Those volunteered to participate were 172 (32.7%), and N= 120 (70%) of them met the eligibility requirements. Participants demographically were residents from five cities Sindh, Pakistan; Hyderabad (n=8; 6.5%), Jamshoro (n=3; 2.5%), Sehwan (n=3; 2.5%), Thatta (n=3; 2.5%), and Kotri (n=103; 86%) (Table 2). They were 52 (43.3%) females and 68 (57.3%) males, with an average age of 37±15. The respondents belonging to the lower middle class were 90(75%) and 30(25%) to the middle-middle class. They were normosomic before and after the 30 minutes of swab test. The symptoms were reported in n=41(34%) cases including fever (n=29; 22.7%), fatigue (n=20; 15.6%), cough (n=17; 13.3%), flu (n=11; 8.6%), sore throat (n=8; 6.6%), dizziness (n=12; 9.4%), GIT complications (n=10; 7.8%), headache (n=7, 5.5%), and mild dysponea (n=17; 13.3%) was also observed. While 79(66%) were asymptomatic at the time of the interview.

			Table 1: Demographic data of COVID-19 positive and smell loss respondents.

			
				
					
					
					
					
					
				
				
					
							
							Variables

						
							
							Characteristics

						
							
							COVID-19 α positive (n=6)

						
							
							Smell loss‡

						
					

					
							
							Anosmia (n=4)

						
							
							Hyposmia (n=6)

						
					

					
							
							Age†

						
							
							
							54.5(±10.6)

						
							
							44±22.5

						
							
							42±20

						
					

					
							
							Gender

						
					

					
							
							
							Male

						
							
							4(66%)

						
							
							2(50%)

						
							
							2(33%)

						
					

					
							
							
							Female

						
							
							2(34%)

						
							
							2(50%)

						
							
							4(67%)

						
					

					
							
							Symptoms

						
					

					
							
							
							Fever

						
							
							4(66%)

						
							
							2(50%)

						
							
							5(90%)

						
					

					
							
							
							Cough

						
							
							3(50%)

						
							
							2(50%)

						
							
							2(33%)

						
					

					
							
							
							Flu

						
							
							-

						
							
							2(50%)

						
							
							2(33%)

						
					

					
							
							
							Sore throat

						
							
							2(33%)

						
							
							1(25%)

						
							
							1(16.6%)

						
					

					
							
							
							Fatigue

						
							
							1(16.6%)

						
							
							4(100%)

						
							
							2(33%)

						
					

					
							
							
							Dizziness

						
							
							2(33%)

						
							
							2(50%)

						
							
							-

						
					

					
							
							
							Dyspnoea

						
							
							3(50%)

						
							
							-

						
							
							1(16.6%)

						
					

					
							
							
							Headache

						
							
							1(16.6%)

						
							
							1(25%)

						
							
							-

						
					

					
							
							
							GIT comp.

						
							
							-

						
							
							1(25%)

						
							
							2(33%)

						
					

					
							
							
							Dysgeusia

						
							
							-

						
							
							1(25%)

						
							
							-

						
					

					
							
							Comorbid.

						
					

					
							
							
							Nasal cong.

						
							
							1(16.6%)

						
							
							1(25%)

						
							
							2(33%)

						
					

					
							
							
							Rhinorrhoea

						
							
							1(16.6%)

						
							
							1(25%)

						
							
							2(33%)

						
					

					
							
							
							Depression

						
							
							-

						
							
							2(50%)

						
							
							2(33%)

						
					

					
							
							
							Obesity

						
							
							1(16.6%)

						
							
							1(25%)

						
							
							-

						
					

					
							
							
							Hypertension

						
							
							1(16.6%)

						
							
							-

						
							
							2(33%)

						
					

					
							
							
							CVD

						
							
							-

						
							
							-

						
							
							1(16.6%)

						
					

					
							
							
							Diabetes

						
							
							-

						
							
							1(25%)

						
							
							-

						
					

					
							
							Status†

						
							
							
							
							
					

					
							
							
							Loss time

						
							
							-

						
							
							3.4±0.9

						
							
							3.4±0.9

						
					

					
							
							
							Rec. time

						
							
							18(±4.5)

						
							
							11±3.2

						
							
							9±2.7

						
					

				
			

			‡Chi-square discovered p-value ≤0.05 with df 1, †Mean, ±SD and αn=3(50%) smell loss.

			Following the NPS, 13 (10.8%) respondents-male (n=6; 46%) and females (n=7; 54%) having a mean age of 42±19 lost their sense of smell in 3.4±0.9 days. In which 6 (5%) tested positive for COVID-19, had hyposmia (n=2; 33.3%) and anosmia (n=1; 16.6%). In contrast, 10 (8.3%) COVID-19 negative cases had also lost their smell, they had anosmia 4 (40%) and 6 (60%) hyposmia. Symptoms such as fever was most prevalent reported in 7 (70%) cases, least was dysgeusia (10%) (Table 1) and acute nasal congestion (30%), rhinorrhea (30%), depression (40%), hypertension (20%), obesity (10%), cardiovascular disease (10%), and diabetes (10%) were also present (Table 1).

			Their average age was 54.5±10.65 years; females 2 (34%), and males 4 (66%). They also reported comorbidities such as obesity (16.6%), hypertension (16.6%), rhinorrhoea (16.6%), nasal congestion (16.6%), and symptoms such as fever (46.6%), cough (35%), sore throat (35%), fatigue (16.6%), dizziness (23.3%), headache (16.6%), and dyspnoea (35%). The recovery period for COVID-19 was 18±4.47 days. We used Chi-square test to demonstrate the relationship of smell loss in COVID-19 negative responders (n= 10) relative to all instances. The p-value of ≤0.05 with 1 df indicates that there could be other factors for the development of manifestation in COVID-19 negative cases. Additionally, the binomial test showed a p-value ≤ 0.05 for 0.50 proportions, which indicates the significance of smell loss in respondents. These findings indicate after NPS testing the prevalence of smell loss was higher in COVID-19 negative cases than positive cases. This suggests other factors also played role in olfactory dysfunction during COVID-19 pandemic. 

			During pandemics, there was a spike in smell loss cases. However, patients showed symptoms of olfactory dysfunction following RT-PCR status revealed or after the disease appeared (Imam et al., 2020). Several investigations have demonstrated the smell loss caused by COVID-19 was often self-reported. It depends on the patient’s experience of smell loss which lacks objective perception of smell (Giacomelli et al., 2020). In this prospective cohort study, the olfactory function of participants was evaluated before the nasopharyngeal swab test (pre-NPS) and after the nasopharyngeal swab test (post-NPS) to differentiate normal and smell loss cases (Figure 1). A single paper questionnaire was used to record demographics, signs and symptoms, comorbidities and smell loss data. 

			Table 2: Prevalence of COVID-19 and smell loss in selected cities (N=120).

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Address

						
							
							Gender

						
							
							Age

						
							
							Smell loss

						
							
							COVID-19

						
					

					
							
							Male

						
							
							Female

						
							
							Total

						
							
							Male

						
							
							Female

						
							
							Anosmia

						
							
							Hyposmia

						
							
							Positive

						
							
							Negative

						
					

					
							
							n(%)

						
							
							n(%)

						
							
							n(%)

						
							
							Mean±SD

						
							
							n(%)

						
							
							n(%)

						
							
							n(%)

						
							
							n(%)

						
					

					
							
							Kotri

						
							
							58 (86)

						
							
							45(86)

						
							
							103(87)

						
							
							37±16.6

						
							
							37.3±14.3

						
							
							5(4.7)

						
							
							6(5.8)

						
							
							6(5.8)

						
							
							97(94.2)

						
					

					
							
							Hyderabad

						
							
							3(4)

						
							
							5(10)

						
							
							8(6)

						
							
							33.7±6.5

						
							
							26.4 ±6.6

						
							
							*

						
							
							2(25)

						
							
							*

						
							
							8(100)

						
					

					
							
							Sehwan

						
							
							3(4)

						
							
							*

						
							
							3(2.5)

						
							
							38 ±9.9

						
							
							*

						
							
							*

						
							
							*

						
							
							*

						
							
							3(100)

						
					

					
							
							Thatta

						
							
							2(3)

						
							
							1(2)

						
							
							3(2.5)

						
							
							32(*)

						
							
							*

						
							
							*

						
							
							*

						
							
							*

						
							
							3(100)

						
					

					
							
							Jamshoro

						
							
							2(3)

						
							
							1(2)

						
							
							3(2.5)

						
							
							59 ±12.7

						
							
							*

						
							
							*

						
							
							*

						
							
							*

						
							
							3(100)

						
					

					
							
							Total

						
							
							68(56.7)

						
							
							52(43.3)

						
							
							120(100)

						
							
							37 ±15

						
							
							36 ±14

						
							
							5(4.7)

						
							
							8(6.6)

						
							
							6(5.8)

						
							
							114(94.2)

						
					

					
							
							P-value

						
							
							≤0.28†

						
							
							≤0.3†

						
							
							≤0.3†

						
							
							<0.001†

						
							
							<0.001†

						
							
							≤0.025†

						
							
							≤0.004†

						
							
							≤0.014†

						
							
							*

						
					

					
							
							P-value (Total)

						
							
							≤0.28‡

						
							
							
							≤0.068‡

						
							
							<0.0001†

						
							
							≤0.292‡

						
					

				
			

			The individuals who lost smell (n=13), recovered on average 10±3 days, anosmic in 11±3.16 days and hyposmic in 9±3 days. Six (5%) of the responders had SARS-CoV-2 with mean Ct-value of 30.3 ±2.6. 

			We used balm (Iodex, GSK®) which is commonly applied to relieve body pain and nasal congestion (Figure 2). RT-PCR test was conducted to detect SARS-CoV-2 with a threshold value ≤Ct30. SARS-CoV-2 was detected in 6(5%) cases with an average Ct-value of 30.3 ±2.6. RT-PCR was considered the gold standard during COVID-19 pandemic (Tombuloglu et al., 2022) and we used this test to differentiate cases who lost smell due to the COVID-19 or other factors (Table 1). Smell loss is often categorized physiologically as normal (normosomic), reduced (hyposmia), and absent (anosmia) (Marin et al., 2018). We systematically categorized smell by subjective response i.e., respondents after the smell test with Iodex were asked about smell status such as diminished (hyposmia) and vanished (anosmia) with yes/no answers. Post-NPS, we collected data on smell function through physical 47 (39%) or on the phone 73 (61%) (Figure 4). Out of N=120 respondents, post-NPS normosomic were 107 (89%) and 13 (11%) cases of smell loss in which n=10 (8.3%) were COVID-19 negative cases. These smell loss cases were hyposmic 6 (60%) and anosmic 4 (40%). A Chi-square test with a p-value ≤0.05 significantly indicates the relationship of smell loss with factors other than COVID-19. Despite the absence of SARS-CoV-2 in their samples, individuals exhibited COVID-19 symptoms (Table 1) and had comorbidities which could be the factors behind smell loss after the nasopharyngeal-based swab test. Comorbidities such as depression, flu, hypertension, non-severe nasal obstruction, and rhinorrhea could obstruct (Table 1) the odor from reaching the olfactory sensory system (Lehrich et al., 2020). Additionally, age is considered an important factor which could alter the OF, results reveal smell loss cases had average age 42 ± 19 years (Carignan et al., 2020). In COVID-19 cases, anosmia 1 (16.6%) and hyposmia 2 (33.2%) were found with dysgeusia. However, studies have shown 5 to 50% of COVID-19 cases had anosmia or hyposmia along with dysgeusia (Hopkins et al., 2020).
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			Figure 4: Post-NPS data collected through phone and visits of respondents.

			Smell difficulties might be caused by different factors such as genetic, physiological, psychological health, or socioeconomic status (Elkholi et al., 2021). Similarly, the nasopharyngeal technique for obtaining the COVID-19 sample could impact OF or an incorrectly collected sample might damage the sensory epithelium of the nasopharynx which could result in partial or complete smell loss (Guimarães et al., 2022). We hardly ever encounter objects that travel profoundly in the nose touching the oropharynx or olfactory sensory region. It has been reported during nasopharyngeal testing, the contact between swabs and epithelial surfaces can cause pain or sneezing (Abdelrahman et al., 2020). It makes sense this interaction might partially inhibit the conduction of chemosensory signals. It is unclear whether this effect can cause smell dysfunction or in the presence of comorbidities or symptoms as reported in this study. Additionally, a person who has experienced trauma and mental anguish typically exhibits impaired smell and cannot accurately separate odors (De Luca et al., 2023). Similar conditions have been seen throughout the COVID-19 pandemic for instance, there was a spike in depression, physical inactivity, hypertension, and neuropsychiatric illness (Roy et al., 2021). The world already had epidemics of fever, cough, flu, and upper respiratory tract illnesses and COVID-19 pandemics elevated them to another level. Smell loss can be caused by the degeneration of the components that control smell function or olfactory system few of them discussed above. Therefore, it is essential to monitor smell function carefully and consider different factors such as gender, age, genetics, mental and physical health while treating smell loss or other associated illnesses such as COVID-19.

			Conclusions and Recommendations

			Through this prospective cohort study, we conclude that smell loss can be caused by different factors that regulate olfaction. Post-NPS smell loss shows that different factors such as manifestations, comorbidities, psychological disorders, socio-economic status and testing procedures might have impacted the olfactory function of COVID-19-negative cases. Alteration in these factors can impact olfaction and due to its multi-perspective nature, smell function should be tracked analyzing epidemiological history, demographic, mental and physical condition of cases. Our research shows the incidence of smell loss after NPS in COVID-19 negative cases was statistically significant with a p-value 7 ≤0.05.

			Smell function could be assessed using objective or semi-objective tests. Olfactory distortion should be studied using specific tests such as UPSIT or Sniff-in’s stick; however, disease-induced smell loss should considered after finding disease specific markers. The results of this study will help to manage smell loss in clinical settings and to investigate smell using study design. This study will also help physicians to sort the olfactory disorders at different stages of development and researchers to assess olfactory function through non-specific means. Finally, it is required to investigate the impact of swabs on the sensory epithelial layer of the nasopharynx.
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Relationship of Anosmia with Nasopharyngeal Swab-Based Sample
Collection for Covid-19
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Abstract | COVID-19 caused a significant number of infections and deaths since first appearance in December
2019 in Wuhan, China. Anosmia and hyposmia had been viewed as the first signs of COVID-19. However,
these could also be triggered by preceding factors in the population or those twisted during pandemic. In this
prospective cohort study, respondents were surveyed with a subjective smell test to notice the incidence of
smell loss after nasopharyngeal sampling. Olfactory function was evaluated multiple times with a non-specific
smell test using the balm (Iodex, GSK") and items accessible to respondents at home. Olfactory function was
qualitatively categorized based on the difficulty of smelling odor such as normal (normosomia), diminished
(hyposmia), and absent (anosmia). Data about manifestation, comorbidities and smell function is carefully
assessed before statistical analysis. The study involved 120 individuals, of which 52 (43.3%) were female and
68 (56.6%) were male. The average age of the participants was 37 + 15 [min 16, max 72, IQR 46.5-26=21.5].
RT-PCR revealed the presence of SARS-CoV-2 in n = 6 (5%), with a mean Ct-value of 30.3 +2.6. Post-
NPS smell loss respondents were n=13(11%) among them n=3(23%) had SAR-CoV-2 while n=10(77%)
were negative. Through Chi-square (32) test, p-value was revealed <0.05 [df 1] for smell loss in negative
respondents compared to positive cases which shows that they might have lost smell due to different factors
other than COVID-19 which are briefly discussed.
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Introduction or after the presentation of the symptoms and its

development over time in patients (Tostmann ez /.,

OVID-19 has severely affected the world since
its beginning in Wuhan China, on December
2019 (Wu et al., 2020). Presently, pandemics have
swayed 7 million people and caused 770 million
infections. Several strategies have been developed
to manage and diagnose disease such as before

2020). COVID-19 cases were categorized based on
indications such as symptomatic or asymptomatic.
The primary objective during the pandemic was to
diagnose both types of cases using COVID-19 testing
(Guo et al, 2020). In symptomatic, COVID-19

produces several manifestations; for instance, fever,
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