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Abstract 
Introduction: Coronavirus Disease 2019 (COVID-19) is an infectious res-
piratory disease caused by SARS-CoV-2. The disease was first broke out in 
Wuhan City, Hubei Province, China and subsequently spread to all countries 
and was considered by WHO as a worldwide pandemic. This study is aimed 
to determine the epidemiology of SARS-CoV-2 and the presence of UK va-
riants in Zintan city of Libya taking some risk factors into account. Me-
thods: In a cross-sectional retrospective study, a total of 15486 nasopha-
ryngeal swabs were collected from COVID-19 suspected patients, travelers 
and people need disease-free certificates for hospital admission, etc. The 
samples were collected during the period from August 2020 to June 2021 
and tested using real-time RT-PCR (rRT-PCR) kits for SARS-CoV-2 and 
UK variants. Age groups, sex, and monthly weather were considered as risk 
factors. Results: The positivity rate of COVID-19 in Zintan city was esti-
mated to be (3891; 25.12%) for the period from August 2020 to June 2021. 
Females showed significantly (p < 0.05) higher positivity rate (2100; 54%) as 
compared to males (1791; 46%). Out of the 3891 positive cases, 52 were de-
ceased. The Case Fatality Rate (CFR) was 1.33 recorded significantly in cas-
es aged ≥ 65 years which was higher in males (56.66%) than females (43.33%). 
The peak of the first wave of infection was recorded in October 2020 (590; 
15.15%) whereas the peak of the second wave of infection was recorded in 
April 2021 (727; 18.71%). The positivity rate was decreased as the tempera-
ture increased. UK variant is detected firstly in May 2021 with the percen-
tage of 6.2% of tested samples. Conclusions: Health Authorities are en-
couraged to continue implementing the control measures during the de-
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crease phase of infection to stop transmission of the virus in the next wave. 
Early detection of new variants and studying their genetic characteristics 
play a valuable role in prevention and control. 
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1. Introduction 

COVID-19 is an acute severe respiratory disease caused by SARS-CoV-2 be-
longing to the genus betacoronavirus of the family coronaviridae. The disease 
was first broke out in Wuhan City, Hubei Province, China and subsequently spread 
to all countries and was considered by WHO as a worldwide pandemic [1]. More 
than one year of its appearance, the pandemic is still out of control leading to a 
severe impact on people’s health, social life, economy and education. The first 
case of COVID-19 in Libya was recorded on 24/3/2020, then the cases began to 
increase exponentially, especially after the return of people stranded abroad. 
However, in Zintan city cases with antibodies to SARS-CoV-2 were recorded on 
April 2020 by rapid test [2]. 

Coronaviruses are vulnerable to spontaneous mutations leading to the emer-
gence of new variants. Most of the variants of concern contain mutations in the 
Receptor-Binding Domain (RBD) of the spike protein. It seems these mutations 
are responsible for increased viral infectivity, virulence, and immune evasion 
potency. 

The United Kingdom (UK) has detected a new variant of SARS-CoV-2 from 
samples initially taken in Kent on September 20th and London on September 
21st, 2020, which was found associated with increased spread [3]. The spreading 
rate of UK variants could be greater than 70% of cases compared to the normal 
SARS-CoV-2 virus, with an R index growth of 0.4 [4]. This variant, called VOC- 
202012/01 (B.1.1.7) is defined by multiple spike protein changes (deletion 69-70, 
deletion 144, amino acid change N501Y, A570D, D614G, P681H, T716I, S982A, 
D1118H) as well as by mutations in other genomic regions [5]. The deletion at 
positions 69 and 70 evolved spontaneously in other SARS-CoV-2 variants and is 
hypothesized to increase transmissibility and the potential to enhance the ability 
of SARS-CoV-2 to generate vaccine escape variants that would have otherwise 
significantly reduced viral fitness [6]. 

There is a lack of information about the epidemiological situation and emer-
gence of SARS-CoV-2 variants in Zintan city. It is very important to determine a 
detailed epidemiological profile in order to implement the appropriate interven-
tion strategies. Therefore, this study is conducted to determine the positivity rate 
of SARS-CoV-2 and the presence of UK variant using rRT-PCR taking some risk 
factors into account. 
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2. Materials and Methods 
2.1. Sampling 

This cross sectional retrospective study was conducted to determine the percen-
tage of positive cases of COVID-19 in Zintan city of Libya. A total of 15,486 na-
sopharyngeal swabs were collected from suspected patients, travelers, people 
need disease free certificate for hospital admission, etc. The samples were col-
lected during the period from August 2020 to June 2021 including 7110 (45.9%) 
and 8376 (54.1%) from females and males, respectively. The samples were ana-
lyzed by multiplex rRT-PCR assay at the PCR Laboratory of Biotechnology Re-
search Center, Zintan Branch. To determine the presence of UK variant of SARS- 
CoV-2, a total of 405 positive samples were randomly selected and tested. 

2.2. RNA Extraction 

RNA was extracted from nasopharyngeal swabs using alphaPrep™ Viral DNA/RNA 
extraction kit (AlphaGene, Korea). The samples were prepared as per the manu-
facturer’s instructions and the extraction was completed by automated NC-15 
PLUS instrument (HanwoolTPC, Korea). 

2.3. Real Time RT-PCR Assay 
2.3.1. Detection of SARS-CoV-2 
In this study, rRT-PCR commercial kit was used for the qualitative detection of 
SARS-CoV-2 nucleoprotein gene (N) and human housekeeping (RNAse P) gene 
as an Internal Control (IC) (Bio-Speedy®, Turkey). The reaction and program 
were conducted as per the manufacturer’s instructions using MIC-PCR device 
(Biomolecular systems, Australia). Samples with quantitation cycle (Cq) ≤ 33 
was considered positive for COVID-19. 

2.3.2. Detection of SARS-CoV-2 UK Variant 
SARS-CoV-2 previous positive samples were chosen randomly and tested for the 
presence of UK variant based on the HV 69/70 deletion of the S gene for SARS- 
CoV-2 in respiratory samples using rRT-PCR commercial kit (Vitassay qPCR, 
Spain). The assay allows the detection of SARS-CoV-2 and the HV 69/70 dele-
tion of the S gene for SARS-CoV-2 associated to the SARS-CoV-2 VOC-202012/01 
(lineage B.1.1.7) variant and other variants by real-time RT-PCR in nasopharyn-
geal swabs. The assay is targeting a conserved region of the S gene for SARS-CoV-2 
HV 69/70 deletion, a conserved region of the ORF1ab and N genes for SARS-CoV-2 
and human housekeeping (RNAse P) gene as an Internal Control (IC). The reac-
tion setup steps were followed as per the manufacturer’s instructions using 
96-wells rRT-PCR device (Azure Biosystems, USA). Samples with quantitation 
cycle (Cq) ≤35 was considered positive for UK variant. 

2.4. Risk Factors 

Age groups, sex and monthly weather were considered as risk factors in the cur-
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rent study. The averages of monthly temperature were obtained from the website:  
https://weatherspark.com/y/71722/Average-Weather-in-Zintan-Libya-Year-Rou
nd. 

2.5. Statistical Analysis 

Data obtained were subjected to statistical analyses using SPSS 26 computer pro-
gram (SPSS Inc. Chicago, Illion, USA). A descriptive analysis measuring fre-
quency and percent was used. Chi-square test was also used to determine the 
level of association among sex, age group, temperature and period at the signi-
ficance level of p < 0.05. 

3. Results 

Out of 15,486 samples tested, 3891 (25.12%) were positive and 10,970 (70.8%) 
were negative for COVID-19. However, 409 (2.6%) samples were negative for 
internal control and 216 samples (1.4%) were in the criteria of re-testing. The 
number of negative samples for internal control and retested samples showed 
monthly gradual decrease (Table 1 and Figure 1). 

 
Table 1. Total number of positive, negative, re-swabbed and re-tested samples. 

Result Total 
Female Male 

No. % No. % 

Positive 3891 2100 54 1791 46 

Negative 10,970 4681 42.67 6289 57.32 

Re-swabbed 409 226 55.25 183 44.74 

Re-tested 216 103 47.68 113 52.31 

Total 15,486 7110 
 

8376 
 

 

 
Figure 1. Total number of positive and negative cases/month and percentage of 
re-swabbed and re-tested samples. 
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Females showed significantly (p < 0.05) higher positive rate for COVID-19 
(2100; 54%) as compared to the positive rate (1791; 46%) in males (Table 1). 
Differences among age groups were also significant at p < 0.05, while the highest 
positive rate was recorded in patients aged 25 - 34 years old (706; 18.15%) which 
was higher in females (406; 57.5%) than in males (300; 42.5%) (Table 2). 

Out of the 3891 positive cases, 52 were deceased (Table 3). The Case Fatality 
Rate (CFR) in Zintan city from August 2020 to June 2021 was 1.33. The highest 
percentage of deaths (57.7%) was recorded in cases aged ≥ 65 years which was 
higher in males (56.66%) than females (43.33%). However, there were no deaths 
in the group aged ≤ 24 years old (Table 3). 

In the year 2020, the highest positivity rate was recorded in October (590; 
15.15%) which was higher in females (329; 55.76%) compared to males (261; 
44.24%) (Table 4 and Figure 2). This might be considered the peak of the first  

 
Table 2. Number and percentage of positive samples among females and males in differ-
ent age groups. 

Age group 
Total Female Male 

No. % No. % No. % 

≤14 162 4.16 83 51.2 79 48.8 

15 - 24 557 14.31 307 55.1 250 44.9 

25 - 34 706 18.15 406 57.5 300 42.5 

35 - 44 705 18.11 384 54.5 321 45.5 

45 - 54 628 16.13 328 52.2 300 47.8 

55 - 64 448 11.51 233 52 215 48 

≥65 419 10.80 223 53.2 196 46.8 

Missing age 266 6.83 136 51.1 130 48.9 

Total 3891 100 2100 54 1791 46 

 
Table 3. Number and percentage of deaths among females and males in different age 
groups. 

Age group Total Female Male % 

≤14 0 0 0 0 

15 - 24 0 0 0 0 

25 - 34 2 2 0 3.84 

35 - 44 2 1 1 3.84 

45 - 54 5 1 4 9.61 

55 - 64 6 0 6 11.53 

≥65 30 13 17 57.7 

Missing age 7 2 5 13.46 

Total 52 19 33 100 
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Table 4. Number and percentage of positive samples among females and males and tem-
perature in the period from August 2020 to June 2021. 

Months 
Temperature 

(˚C)* 

Total Female Male 

No. % No. % No. % 

Aug 2020 34 141 3.63 83 58.86 58 41.13 

Sep 2020 32 168 4.32 89 52.97 79 47.02 

Oct 2020 26 590 15.15 329 55.76 261 44.24 

Nov 2020 23 533 13.63 313 58.72 220 41.27 

Dec 2020 18 269 6.91 129 48.13 140 52.23 

Jan 2021 14 220 5.65 112 50.91 108 49.09 

Feb 2021 16 173 4.45 84 48.55 89 51.44 

Mar 2021 20 601 15.44 316 52.57 285 47.42 

Apr 2021 33 727 18.71 381 52.41 346 47.59 

May 2021 36 368 9.46 206 55.97 162 44.02 

Jun 2021 40 101 2.65 58 57.42 43 42.57 

Total  3891 100 2100 53.97 1791 46.02 

*Average of monthly temperature from August 2020 to June 2021. 
 

 

Figure 2. Number and percentage of positive cases in different months and monthly 
temperature. 

 
wave of infection. The positive cases begin to decrease gradually until February 
2021 when the lowest rate was recorded (173; 4.45%). One month later (i.e. 
March 2021), the rate begin to increase until April when the highest rate reached 
727 cases (18.71%) which was again higher in females (381; 52.41%) than in 
males (346; 47.59%) and then decreased gradually. This might be considered the 
peak of the second wave of infection. The positivity rate was also compared to 
the average of temperature of every month. The number of the positive cases was 
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decreased as the temperature increased and vice versa (Table 4 and Figure 2). 
Out of the 405 samples examined for the UK variant, 25 samples (6.2%) were 

positive. The first positive sample was recorded on 16/5/2021. All positive sam-
ples were found in May and June 2021. Males showed higher (16; 64%) positive 
rate for UK variant compared to females (9; 36%). 

4. Discussion 

The positivity rate of SARS-CoV-2 identified in Zintan city was 25.2%. There is 
lack in published information about the positivity rates of COVID-19 in Libya 
especially at regional level, except the weekly report (Libya COVID-19 Surveil-
lance Weekly Bulletin) issued by WHO. In Misrata, a city of Libya, representa-
tive samples of 897 participants were tested for SARS-COV-2 IgM/IgG antibo-
dies. 30 participants were positive for IgM or IgG indicating a prevalence of 3.4% 
[7]. 

In the current study, 409 (2.6%) samples were negative for internal control 
which may indicate improper swabbing and 216 samples (1.4%) were in the cri-
teria of re-testing as per the kit manufacturers’ instructions. At the beginning of 
the pandemic, there was lack of the persons who trained previously for moni-
toring, investigation and sampling. Therefore, some volunteers were trained on 
sampling and donning and doffing of Personal Protection Equipment (PPE) to 
support the main team. Lately, the number of negative samples for internal con-
trol and retested samples showed monthly gradual decrease. This may explain 
enhancement in experience of sampling as well as PCR procedure. 

In our study, females showed higher positive rate for COVID-19 (2100; 54%) 
as compared to the positive rate (1791; 46%) in males. This result is in agree-
ment with our previous serological work included 219 samples collected from 
public community and health care workers in Zintan City. Out of the 219 sam-
ples tested, 6 (2.74%) samples were seropositive for SARS-CoV-2 and all of them 
were females [2]. Our findings were in contrast to the cross sectional study re-
cently conducted to determine the prevalence of COVID-19 in Tarhouna city of 
Libya. Out of 540 cases, the infection rate was estimated to be 70.74% and 
29.50% in males and females respectively [8]. It was also in contrast to the study 
included some regions of Ghana in which males were mostly infected (4897; 51.5%) 
compared to females. Individuals between the ages 21 - 30 years recorded the high-
est number of infections (3144, 33.4%) with significant association between gender 
or age and infection with SARSCoV-2 (p < 0.05) [9]. 

Among age groups, the highest positive rate was recorded in patients aged 25 - 
34 years old (706; 18.15%) which was higher in females (406; 57.5%) than in 
males (300; 42.5%). Individuals between the ages 21 - 30 years recorded the 
highest number of infections (3144; 33.4%). There was significant association 
between gender or age and infection with SARS-CoV-2 (p < 0.05) [9]. 

Out of the 3891 positive cases, 52 were deceased. The case fatality rate (CFR) 
in Zintan city from August 2020 to June 2021 was 1.33. The highest percentage 
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of deaths (57.7%) was recorded in cases aged ≥ 65 years which was higher in 
males (56.66%) than females (43.33%). However, there were no deaths in the 
group aged ≤ 24 years old. This result is in agreement to the findings of Mah-
moud et al. [10] who estimated the fatality ratio to be 1.40 in Libya in a particu-
lar period of time. Shi et al. [11] in China reported the risk factors for death were 
older age, male, severe or critical cases. In Ecuador, Ortiz-Prado et al. [12] found 
the presence of comorbidities, being male and older than 65 years were impor-
tant determinants of mortality. Within Italy, COVID-19 deaths are mainly ob-
served among older, male patients who also have multiple comorbidities [13]. 

In the year 2020, the highest positivity rate was recorded in October (590; 
15.15%) which was higher in females (329; 55.76%) compare to males (261; 44.24%). 
This might be considered the peak of the first wave of infection. The positive 
cases begin to decrease gradually until February, 2021 when the lowest rate was 
recorded (173; 4.45%). One month later (i.e. March 2021), the rate begin to in-
crease until April when the highest rate reached 727 cases (18.71%) which was 
again higher in females (381; 52.41%) than in males (346; 47.59%) and then de-
creased gradually. This might be considered the peak of the second wave of in-
fection. 

The effect of climate on COVID-19 is contradictory. In our study, the positiv-
ity rate was compared to the average of temperature for every month from Au-
gust 2020 to June 2021. The number of the positive cases was decreased as the 
temperature increased and vice versa. This result is in agreement with Simiao et 
al. [14] who reported that countries are expected to see a decline in new COVID-19 
cases during summer and resurgence during winter. The higher temperatures 
and more intense UV radiation in summer are likely to support public health 
measures to contain SARS-CoV-2. In contrast, Bukhari et al. [15] reported that 
cases in warm and humid countries have consistently increased, accounting for 
approximately 500,000 cases in regions with absolute humidity > 9 g/m3, there-
fore effective public health interventions must be implemented to stop the spread 
of COVID-19. This also means that summer season would not alone stop the spread 
of COVID-19 in any part of the world. Moreover, Dimitrios et al. [16] concluded 
that in the absence of public health measures high temperatures cannot probably 
mitigate outbreaks. However, we also noted sudden increase of the cases in July 
2021 (data not included) although the temperature still high which we believe is 
the beginning of third wave of infection thus supporting the findings of Bukhari 
et al. [15] and Dimitrios et al. [16]. 

Out of the 405 samples examined for the UK variant, 25 samples (6.2%) were 
positive. The first positive sample for UK variant in Zintan city was recorded on 
16/5/2021. All positive samples were found in May and June 2021. Males showed 
higher (16; 64%) positive rate for UK variant compared to females (9; 36%). This 
variant was first reported in UK in September, 2020 [17] [18]. Kemp et al. [6] 
reported recurrent emergence and significant onward transmission of a six-nucleo- 
tide deletion in the S gene, which results in loss of two amino acids: H69 and 
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V70. More than 98% of positive SARSCoV-2 infections in England are due to 
Variant of Concern (VOC) 202012/01 (lineage B.1.1.7), and the spread of this 
new variant has led to a surge in COVID-19 cases and deaths [18]. However, in 
our study we noticed decrease in COVID-19 positive rate from 18.71%, 9.46%, 
and 2.65% in April, May and June 2021, respectively although UK variant de-
tected only in May and June. The diagnosis of COVID-19 is continuing daily in 
our PCR lab. After analysis of data of our study and while writing up this manu-
script we found sudden increase in the positive cases in the month of July, 2021 
which was not included in this study. Therefore, we decided to examine some 
positive samples for the UK variant. The result revealed 5 (17.3%) positive sam-
ples out of 29. No more positive samples were detected beyond 17/7/2021 thus 
we believe the UK variant is not the cause of the third wave of infection but 
more aggressive variant. However, it is not currently possible to check for other 
variants such as delta due to lack of specific diagnostic kit. 

5. Conclusion 

The outcome of this study indicates that the high case fatality rate in the age group 
of ≥ 65 years needs more attention from health authorities. Climate does not af-
fect the spread of the virus. UK variants of SARS-CoV-2 did not show a high 
level of transmission and the reason behind the decrease of its positive cases is 
not clear thus needs more investigation. Health authorities are encouraged to 
strengthen and continue implementing the control measures during the decrease 
phase of infection to stop transmission of the virus in the next wave. Early detec-
tion of new variants and studying their genetic characteristics play a valuable 
role in prevention and control. 
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