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Abstract

:

The accurate detection of SARS-CoV-2 through respiratory sampling is critical for the prevention of further transmission and timely initiation of treatment. There is a diverse range of SARS-CoV-2 detection rates in reported studies, with uncertainty regarding the optimal sampling method for COVID-19 diagnosis and monitoring. Oropharyngeal sampling (OPS) is one of the most commonly used methods of respiratory sampling in Ghana and other parts of the world for the detection of SARS-CoV-2 viral RNA. However, this sampling technique has a number of drawbacks, which include difficulty in obtaining high-quality swab samples, increased risk of infection to healthcare workers, and increased cost from a regular supply of swabs, transport media, and personal protective equipment (PPE). This study, therefore, sought to evaluate the diagnostic performance of sputum specimens in the diagnosis of COVID-19. This was a cross-sectional analytical study conducted in two health facilities in Kumasi, Ghana, between April and September 2021. Paired samples (an oropharyngeal swab and sputum) were taken from each recruited patient and run concurrently for the detection of SARS-CoV-2 genes (the N and ORF1ab genes) using RT-qPCR. Of the 317 patients recruited, 50.8% were males, and 60.4% were young adults aged 20–39 years. A significant proportion (65.9%) of the patients did not have any co-morbidity, and the majority were with symptoms; predominantly cough (36.3%), headache (31.5%), general weakness (24.0%), fever (20.2%), and sore throat (16.1%). Being symptomatic (p = 0.003), having comorbidity (p = 0.001), and the reporting facility (p = 0.010) were significantly associated with the COVID-19 status. The sputum samples yielded more COVID-positive, 120/317 (37.9%), as compared to OPS, 83/317 (26.2%). The sputum samples were 85.5% (95% CI, 76.4–91.5) sensitive, 79.1% (95% CI, 73.4–83.7) specific, and with positive and negative predictive values of 59.2% and 93.9%, respectively, when compared with OPS. The overall median of the SARS-CoV-2 viral loads for sputum (3.70 × 103 copies/mL) were significantly higher than in OPS (1.18 × 102 copies/mL) (p = 0.003). Findings from the study suggest self-collected sputum as a useful alternative to OPS for the diagnosis of COVID-19, providing a comparable diagnostic performance and, thereby, easing the uncomfortable process and mitigating risk of aerosol transmission to healthcare workers.
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1. Introduction


The emergence and spread of SARS-CoV-2 have caused major havoc to global health systems, and its economic impact cannot be underestimated. The WHO named it a pandemic in March 2020, owing to its global spread [1]. As of 31 January 2022, there have been 373,229,380 confirmed cases of COVID-19 worldwide, with over 5.5 million deaths. Europeans have the most confirmed cases (143,224,359), followed by the Americas (135,082,663 cases), South-East Asia (52,155,418 cases), the Eastern Mediterranean (18,933,395), the Western Pacific (15,767,915 cases), and Africa (8,064,866 cases) [2].



Relative to other continents, sub-Sahara Africa has escaped major mayhem in terms of a viral spread and death rate. Ghana, located in West Africa, has currently reported 156,920 cases with 1349 deaths as of January 2022 [3]. With the ongoing spread of the SARS-CoV-2 infection in Ghana and throughout the world, efficient laboratory testing is critical to prompt the detection of positive cases and management strategies, rather than solely depending on clinical empirical evidence [4].



COVID-19 has been diagnosed in the laboratory mostly through the detection of SARS-CoV-2 by the reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) in lower or upper respiratory samples, including sputum, nasopharyngeal wash/aspirate, oropharyngeal, and nasopharyngeal swab samples [5]. With the goal of enhancing the scalability of SARS-CoV-2 testing under heightened demand, several alternative sampling approaches have been explored. Notable among them include anal swabs, saliva, blood, urine, and even pooled nasal and oropharyngeal swabs [6,7]. According to the literature, these sample types have yielded varying diagnostic characteristics in terms of sensitivity and specificity [8]. Currently, nasopharyngeal and oropharyngeal swabs are widely used and recommended for the clinical detection of SARS-CoV-2 [9,10]. However, these swabs could pose a potential risk of causing acute injuries, such as bleeding and mucosal layer ulceration, particularly in patients with predisposing factors [11,12]. Additionally, health workers are exposed to the danger of infection as they collect such invasive samples [12]. There are also reports of decreased test sensitivity of OPS for the detection of SARS-CoV-2 [13]. This ultimately calls for a search for an alternative sampling approach(es) with invariably good to excellent clinical sensitivity. This study, therefore, sought to compare the diagnostic performance of self-produced sputum to an oropharyngeal swab for the diagnosis of COVID-19.




2. Materials and Methods


2.1. Ethics Statement


The study’s protocol was reviewed and approved by the Committee on Human Research Publication and Ethics (CHRPE) of the School of Medicine and Dentistry, Kwame Nkrumah University of Science and Technology (KNUST) Kumasi, Ghana (Approval number: CHRPE/AP/076/21).




2.2. Study Area


The Suntreso Government Hospital (SGH) and the Kwadaso Seventh-Day Adventist Hospital (KWA), both situated within the Kumasi, Ashanti region (Ghana), were the recruitment sites for this study. Kumasi is the second-largest and most populous city in the country, with a population of 3,353,850 people as of 2021 and harboring over 200 health facilities [14].



SGH is a district hospital under the Ghana Health Service located in the North Suntreso district of the Kumasi metropolis. The hospital provides secondary health care not only to its district but to all other neighbouring communities. KWA, on the other hand, is the largest Adventist hospital in the region with an affiliation with the Ghana Adventist Health Service (GAHS) and the Christian Health Association of Ghana (CHAG) under the Ministry of Health, Ghana. It is located in the Kwadaso district and provides quality healthcare to several communities within Kwadaso and beyond while also serving as a referral hospital for some government and private health centres in the Atwima Nwabiagya and Atwima Nkwahoma districts. Both recruitment sites are 2.6 km apart (an approximately 10min drive) and were part of the most visited hospitals in the metropolis at the peak of the COVID-19 pandemic.



The Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR) of KNUST was the site where all of the laboratory procedures were conducted for this study. KCCR, also located in Kumasi, Ghana, was established as a joint venture between the stakeholders of the Ministry of Health of the Republic of Ghana, KNUST, and the Bernhard Nocht Institute of Tropical Medicine (BNITM) in Germany. It is equipped with various laboratories and is currently the second-largest COVID-19 testing site in the country, with approximately 800 tests per day [15].




2.3. Study Design and Sample Collection


This was a cross-sectional study that was conducted between April and September 2021. Samples were collected from patients aged 10 years and above and who had the ability to expectorate sputum. Prior to recruitment, written informed consent was obtained from all participants, including children (below 18 years) for whom parental consent was sought. Paired samples (sputum and OPS) were taken from each of the suspected patients recruited in this study. Oropharyngeal sampling (OPS) was taken with a sterile swab (BioTeke Corporation, ST9001-1 model) by first getting a clear view of the throat using a tongue depressor and swabbing the posterior oropharynx, tonsillar area, and other inflamed areas whilst rotating it several times. The swab was then kept in a sterile viral transport medium. Sputum was self-produced by expectorating into sterile screw-cap containers. The samples were transported in a cold box (+4 to +8 °C) within an hour of collection in a triple package to the Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR) for laboratory analysis.




2.4. Laboratory Analysis


RNA was extracted from the sputum and OPS specimens using the LBP nucleic acid extraction and purification kit, series C (Guangzhou LBP Medical Science and Technology Co., Ltd., Guangzhou, China) and using the spin column method. Five microlitres (5 uL) of the extracted viral RNA were tested using a one-step reverse transcriptase quantitative polymerase chain reaction (RT-qPCR); technology targeting the open reading frame 1ab gene and N gene of SARS-CoV-2. RT-qPCR was performed with a LineGene 9600 Plus (FQD-96A, Bioer Technology, China) thermocycler using the following cycling conditions: 50 °C for 15 mins (1 cycle), denaturation 95 °C for 15 mins (1cycle), and 45 cycles each at 94 °C and 55 °C for 15 s and 45 s, respectively, (Da An gene PCR kit, DA-TF/nCoV-D/002, Guangzhou, China) for all tests. The viral load was extrapolated from a standard curve generated from plotting known viral concentrations against the cycle threshold (Ct) values of a single target. A positive and negative control were added to every PCR run for validation.




2.5. Statistical Analysis


Data were entered and cleaned in Microsoft Excel 2016. Statistical analysis was done using the Statistical Package for the Social Sciences (SPSS) version 26 and GraphPad Prism version 8 (GraphPad software, San Diego, CA, USA). The chi-square test was used to determine the association between socio-demographic, clinical parameters, and COVID-19 status. Contingency tables were used to determine the sensitivity, specificity, and predictive values of the sputum samples compared to the oropharyngeal samples. Comparative analysis of viral load genes was performed by the Mann–Whitney U and Wilcoxon matched-pairs signed-rank test. p-values of less than 0.05 were considered statistically significant for all analyses.





3. Results


3.1. Sociodemographic and Clinical Characteristics of Study Participants


Three hundred and seventeen (317) suspected COVID-19 patients were recruited into the study from the two study sites: KWA (166; 52.4%) and SGH (151; 47.6%). Most of the subjects were predominantly young persons aged 20 to 39 years (60.4%), with slightly more males (50.8%) than females (49.2%). More than half of the total number (65.9%) did not have any comorbidity. A total of N (70%) had some form of occupation, while the rest were either unemployed or retired. The majority of the patients (64%) presented with symptoms, and 31.9% were asymptomatic. The most prevalent symptoms among the patients were cough (36.3%), headache (31.5%), general weakness (24.0%), fever (20.2%), and sore throat (16.1%). Being symptomatic (p = 0.003) and having comorbidity (p = 0.001) were significantly associated with their COVID-19 status. Also, coughing (p = 0.006), runny nose (p = 0.011), fever (p < 0.0001), nausea or vomiting (p = 0.018), general weakness (p = 0.002), loss of smell or taste (p = 0.003), and diarrhea (p = 0.001) were significantly associated with their COVID-19 status (Table 1).




3.2. Biodistribution and Diagnostic Accuracy of SARS-CoV-2 in Sputum and Oropharyngeal Swab Samples


Of the 317 suspected patients sampled, sputum produced the most positives, 120/317 (37.9%), with oropharyngeal producing 83/317 (26.2%) positivity for COVID-19 (Figure 1). The sputum samples were 85.5% (95% CI, 76.4–91.5) sensitive, 79.1% (95% CI, 73.4–83.7) specific, and with positive and negative predictive values of 59.2% and 93.9%, respectively, when compared with OPS (Table 2).




3.3. Comparison of Viral Load between Oropharyngeal and Sputum Samples


The overall median of the SARS-CoV-2 viral loads for sputum (3.70 × 103 copies/mL) were significantly higher than in OPS (1.18 × 102 copies/mL) (p = 0.003) (Figure 2).





4. Discussion


This study showed that the presence of comorbidity and clinical symptoms have a direct association with disease status, as reported in several studies in Ghana [16,17]. The majority of the patients showed symptoms (64%), predominantly with cough, headache, general weakness, fever, and sore throat, among others; this is a finding similar to other studies [17,18]. It has been reported by Adjei et al. (2020) that fever is the third commonest symptom seen in COVID-19 patients in Greater Accra (Ghana); however, in our study in Kumasi (Ghana), it was the fourth most common symptom. Patients with cough, general weakness, runny nose, anosmia, fever, diarrhea, and nausea were also most likely to have COVID-19. Studies in other countries have also reported varying prevalent symptoms [19,20].



The literature has shown that COVID-19 affects the elderly [17,20,21,22] and, contrarily, the majority of suspected patients who tested positive in this study were in their 30 s and 20 s. This may be attributed to the design of the study, as most walk-in patients were young in age and/or because such age groups are more active and engage themselves in outdoor activities and social gatherings, making themselves more vulnerable to infection. This is in concordance with another study in Ghana, which attributed such an occurrence to increased outdoor engagement and decreased adherence to safety protocols by individuals of a younger age [16]. Even so, general reports worldwide show that the case fatality rate (CFR) is higher in the elderly and people with underlying medical conditions [23]. Despite the fact that there were more males than females in attendance, infection in females was slightly higher, which is contrary to reports from other studies where males were found to be more affected than females [18,19,20]. Although the majority of the study population (209; 65.9%) had no SARS-CoV-2 comorbid condition, there was a significant proportion with an unknown comorbidity history (89; 28.1%). This alarming rate of unknowns was reported due to the subjects’ low level of knowledge about their medical history. It is important for patients to be aware of their medical history, especially in the era of COVID-19, as comorbidities have regularly been cited as important risk factors for severe outcomes [24].



The sensitivity, specificity, and predictive values for sputum were compared to the oropharyngeal samples for the COVID-19 diagnosis in this study. Sputum was found to be sensitive and specific for SARS-CoV-2 detection, giving a “sensitivity + specificity” value of greater than 1.5 [25]. Suspected patients who tested negative with sputum can be appropriately identified as not having the disease with a 93.9 percent NPV, the type of predictive value required in diagnosis during an outbreak. Lower respiratory tract samples have been shown to produce the most positives when compared with other clinical samples used for COVID-19 diagnosis [22,26]. The same observation was seen in this study, as the sputum samples produced more positive results than the oropharyngeal samples when paired samples were taken. This is most likely due to the abundance of the angiotensin-converting enzyme-2 (ACE2) receptors in the pneumocytes and epithelial cells of the lower respiratory airway compared to the epithelial cells in the upper airway [27,28].



Sputum is better than oropharyngeal sampling not only in the detection of SARS-CoV-2, but it also outperforms it in the detection of non-COVID respiratory viruses [29,30]. These findings point to the possibility that just collecting oropharyngeal samples may lead to a misdiagnosis of COVID-19 and an incorrect assumption of the SARS-CoV-2 viral clearance, which influences how long a person is isolated from the rest of society and when they can return to work. There are also implications for clinical diagnosis and early treatment; hence, it is recommended that clinicians with a high index of suspicion for COVID-19 repeat negative OPS results or request sputum samples from suspected COVID-19 patients. This reaffirms the use of self-collected sputum as an alternative to oropharyngeal sampling in COVID-19 diagnosis. Sputum gives a comparative diagnostic accuracy in terms of positivity, sensitivity, predictive values, and viral loads. Also, sputum reduces discomfort to patients and the risk of HCWs to infectious aerosols. During the design phase of the study, ‘restriction’ was utilized to control and minimize the impact of ‘age’ as a confounding variable.



One potential drawback of using sputum is that not all COVID-19 patients can expectorate sputum, which may be reflected in the decreased number of examined sputum samples when compared to oropharyngeal samples worldwide. However, for those who are unable to produce sputum, induced sputum or a self-collected deep cough specimen could be explored for SARS-CoV-2 detection and may be comparable to that of the pharyngeal swabs [31,32,33,34]. Pharyngeal sampling may, nonetheless, continue to play an important role in the diagnosis or monitoring of COVID-19 patients as it is still considered the most preferred sampling method, especially in early diagnosis. Another limitation to the study was our inability to capture data at the time of onset symptoms; hence, the interpretation of results should be conducted with caution.




5. Conclusions


Findings from this study demonstrate that self-collected sputum is a useful alternative to OPS for the diagnosis of COVID-19. Sputum samples are easier to collect, have a comparable viral load, and produce the highest sample positivity than oropharyngeal sampling. Opting for sputum for COVID-19 diagnosis carries significant logistical and cost advantages, especially in the cost build-up per one SARS-CoV-2 RT-qPCR test being currently charged by the testing centres in Ghana. The methodology of self-collection, again, helps by alleviating the risk of aerosol transmission to healthcare workers and obviating the need for full protective suits. With high sputum reliability and a lower false-negative rate than pharyngeal sampling, we believe sputum is more useful for the confirmation of COVID-19. This study does not, however, completely eliminate the use of pharyngeal sampling but suggests an equivalent self-collected sample with obvious advantages.
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Figure 1. Distribution of SARS-CoV-2 in oropharyngeal and sputum samples. SARS-CoV-2 was detected in both the sputum and OPS of 132 (41.6%) patients. However, the distribution of positives and negatives by either of the samples are shown. 
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Figure 2. Comparison of overall viral loads between sputum and oropharyngeal samples. The overall viral loads (“copies/mL”) obtained using sputum and swab (OPS) were statistically compared using their median viral load (p = 0.003). Pair-wise comparison was also made between them (p < 0.0001). 
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Table 1. Factors associated with COVID-19 status.
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Variable

	
No. (%) of Covid Negative (n = 197)

	
No. (%) Covid Positive (n = 120)

	
Total No. (n = 317)

	
p-Value






	
Gender

	

	

	

	
0.495




	
Male

	
103 (52.3)

	
58 (48.3)

	
161 (50.8)

	




	
Female

	
94 (47.7)

	
62 (51.7)

	
156 (49.2)

	




	
Age Group

	

	

	

	
0.058




	
11–19

	
17 (8.7)

	
5 (4.2)

	
22 (7.0)

	




	
20–29

	
48 (24.5)

	
34 (28.3)

	
82 (25.9)

	




	
30–39

	
68 (34.7)

	
41 (34.2)

	
109 (34.5)

	




	
40–49

	
30 (15.3)

	
13 (10.8)

	
43 (13.6)

	




	
50–59

	
21 (10.7)

	
9 (7.5)

	
30 (8.5)

	




	
60–83

	
12 (6.1)

	
18 (15.0)

	
30 (9.5)

	




	
Occupation

	

	

	

	
0.827




	
Formal

	
72 (45.0)

	
47 (49.0)

	
119 (46.5)

	




	
Informal

	
50 (31.3)

	
28 (29.2)

	
78 (30.5)

	




	
Unemployed

	
38 (23.8)

	
21 (21.9)

	
59 (23.0)

	




	
Comorbidity

	

	

	

	
0.001




	
Present

	
6 (3.0)

	
13 (10.8)

	
19 (6.0)

	




	
None

	
143 (72.6)

	
66 (55.0)

	
209 (65.9)

	




	
Unknown

	
48 (24.4)

	
41 (34.2)

	
89 (28.1)

	




	
Reporting Facility

	

	

	

	
0.010




	
Kwadaso SDA Hospital

	
92 (46.7)

	
74 (61.7)

	
166 (52.4)

	




	
Suntreso Gov’t Hospital

	
105 (53.3)

	
46 (38.3)

	
151 (47.6)

	




	
Clinical Symptoms

	

	

	
0.003




	
Asymptomatic

	
75 (38.1)

	
26 (21.7)

	
101 (31.9)

	




	
Symptomatic

	
112 (56.9)

	
91 (75.8)

	
203 (64.0)

	




	
Unknown

	
10 (5.1)

	
3 (2.5)

	
13 (4.1)

	




	
Specific Symptoms

	

	

	




	
Cough

	
60 (30.5)

	
55 (45.8)

	
115 (36.3)

	
0.006




	
Sore throat

	
31 (15.7)

	
20 (16.7)

	
51 (16.1)

	
0.827




	
Runny nose

	
17 (8.6)

	
22 (18.3)

	
39 (12.3)

	
0.011




	
Fever

	
27 (13.7)

	
37 (30.8)

	
64 (20.2)

	
<0.0001




	
Shortness of breath

	
15 (7.6)

	
11 (9.2)

	
26 (8.2)

	
0.625




	
Nausea or vomiting

	
5 (2.5)

	
10 (8.3)

	
15 (4.7)

	
0.018




	
Headache

	
55 (27.9)

	
45 (37.5)

	
100 (31.5)

	
0.075




	
General weakness

	
36 (18.3)

	
40 (33.3)

	
76 (24.0)

	
0.002




	
Pain (chest, muscle, body)

	
25 (12.7)

	
22 (18.3)

	
47 (14.8)

	
0.170




	
Loss of smell or taste

	
9 (4.6)

	
17 (14.2)

	
26 (8.2)

	
0.003




	
Diarrhea

	
1 (0.5)

	
9 (7.5)

	
10 (3.2)

	
0.001
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Table 2. Diagnostic comparison of sputum and oropharyngeal swab.
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OPS

	


Total

	
Sensitivity%

(95% CI)

	
Specificity%

(95% CI)

	
PPV%

	
NPV%




	
Pos

	
Neg






	
Sputum samples

	
Pos

Neg

	
71

12

	
49

185

	
120

197

	


85.5 (76.4–91.5)

	


79.1 (73.4–83.7)

	


59.2

	


93.9




	
Total

	

	
83

	
234

	

	

	

	

	








Pos: Positive, Neg: Negative, CI: Confidence Interval, PPV: Positive Predictive Value, NPV: Negative Predictive Value.
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