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Abstract
Assam along with the entire country of India experienced an unprecedented rise in SARS-CoV-2 infections and its fatal re-
percussions. Our earlier study during the first wave of the pandemic provided insight into the relationship between age and 
gender in COVID-19 cases. The present follow-up study is a retrospective Clinico-demographic Study of 1110 SARS-CoV-2 
Patients during the Second Wave of the Pandemic. Out of the 1110 positive cases studied during the peak of the COVID-19 
second wave, a total of 624 (56.21%) infected individuals were male, and 486 (43.7%) individuals were female. However, 
individuals in the age group 18-30 showed significant infection of COVID-19 cases (p>0.00001) suggesting higher suscep-
tibility in this age group irrespective of gender. In addition, the highest number of positive symptomatic cases in males were 
seen in the age group of 31-40 years followed by the age group of 18-20 years. The clinical profiles of all COVID-19-infected 
symptomatic patients were also analyzed. While females were more likely to experience symptoms like nausea, bodily aches, 
and abdominal pain (p< 0.0001*). Male patients were substantially more likely than female patients to experience chest pain 
(p = 0.0006) and diarrhea (p <0.0001*). Additionally, throughout the duration of the study, 115 samples were sent over for 
sequencing in which the delta variant [B.1.617.2] was found to be the most common strain during the Second Wave. Our re-
search will add to the body of information that might help develop data-driven North-East India-centric recommendations to 
improve the preparedness to respond to similar future emergencies.
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List of Abbreviations used:
1. COVID-19: Coronavirus Disease 19
2. WHO: World Health Organisation
3. NE India: North-East India
4. ICMR: Indian Council of Medical Research

5. MoH&FW: Ministry of Health and Family Welfare
6. VTM: Virus transport medium
7. RNA: Ribonucleic acid
8. NGS: Next-Generation Sequencing
9. RGSL: Regional Genome Sequencing Laboratories
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10. PCR: Real-time reverse-transcriptase polymerase chain re-
action
11. INSACOG: Indian SARS-CoV-2 Genomics Consortium
12. (VoC) & (VoI): Variant of Concern and Variant of Interest
13. ACE-2: Angiotensin converting enzyme-2

1. Introduction
Just over two years ago, a new coronavirus called SARS-CoV-2, 
which caused the coronavirus disease 19 (COVID-19) pandem-
ic, unleashed an unanticipated attack on the world. On Decem-
ber 31, 2019, reports of COVID-19 in people were made for the 
first time. The coronavirus (COVID-19) disease was classified 
as a worldwide pandemic by the World Health Organisation 
(WHO) on March 11, 2020 [1]. SARS-CoV-2 is a Coronaviridae 
virus with the genus Betacoronavirus, the subgenus Sarbecovi-
rus, and the species severe acute respiratory syndrome-related 
coronavirus [2]. The word "wave," which has a specific techni-
cal meaning, is used to describe a disease's rising and declining 
tendencies over an extended period. Over the past two years, 
there have been two different waves of COVID-19 infections 
in India. In September 2020, the first wave’s peak was attained. 
Beginning in March-April 2021, the second wave peaked in the 
first week of May 2021. The World Health Organisation (WHO) 
reports that during the first week of May 2021, India recorded 
an average of 390,000 new cases, with a peak of 414,188 cases 
reported on May 7th, 2021. Following that, there was a sharp 
decline in the number of new cases from June on, with just 7,495 
instances recorded on December 20, 2021, until a new upsurge 
in cases began in the first week of January, which may have been 
the third wave and quickly waned [3]. 

Developing measures intended to reduce transmission through-
out the population as a whole and estimating the anticipated 
global burden both depend on understanding the role of age in 
transmission. Preliminary shreds of evidence point to an age-de-
pendent sensitivity to and risk of clinical symptoms following 
SARS-CoV-2 infection [4, 5]. Our earlier study during the first 
wave of the pandemic provided insight into the relationship 
of age and gender with COVID-19 cases, particularly when it 
showed that the most affected age group in both men and fe-
males was in the younger age range. Although males were af-
fected more than females [6].

Considering the importance of the above study during the first 
wave of the pandemic, it was pertinent to follow up the exer-
cise to understand the clinico-demographic profile of patients 
affected during the second wave. In addition to comprehending 
the disease pattern, the data obtained by this study may be em-
ployed in various mathematical models to develop credible fu-
ture forecasts of the anticipated surges of infection and identify 
sensitive population proportions. Our research will expand on 
the body of information and might help local health authorities 
develop North-East (NE) India-centric recommendations that 
are data-driven and increase their readiness to respond to future 
emergencies of a similar nature.

2. Materials and Methods
2.1. Study population:
The data for the study were collected and analyzed as part of out-
break investigations during the second wave of the Covid-19 pub-

lic health emergency. Considering the processing of COVID-19 
data is essential for public interest in the sphere of public health, 
such as protection against serious cross-border health threats or 
ensuring high quality and safety of health care, this study was 
exempted from institutional review board approval. India was 
one of the most affected nations in the world during the initial 
wave of the COVID-19 pandemic. As a result, when cases began 
to rise in April 2021, spatially focused restrictions like a ban on 
mass gatherings and the installation of quarantined zones around 
the most vulnerable towns were promptly reinstated. Non-essen-
tial productive activity in quarantined zones was suspended, and 
strong individual mobility restrictions were implemented.

We examined the close contacts of COVID-19 cases found in 
the Sonitpur, Biswanath, and Udalguri districts of Assam during 
contact tracing operations carried out by regional health author-
ities between April 2021 and August 2021. Through standard-
ized epidemiological investigations, close connections of cases 
with laboratory confirmation were found to ascertain the course 
of each person's exposure. Close contacts of those who could 
not take part in the contact tracing interview were identified 
through their emergency contacts. Close contacts of the patients 
were informed of their possible exposure within 24 hours fol-
lowing a positive test result for the index cases. All identified 
contacts were confined and monitored after 7 days of positive 
tests. Regardless of any clinical signs, all contacts with con-
firmed COVID-19 infections were screened using RTPCR from 
April to August 2021. Positive people were isolated, and their 
information was recorded in a database of laboratory-confirmed 
infections.

2.2 Sample Description
Study participants were selected from an initial database of 
72403 individuals suspected of Covid-19 of which a total of 
1110 confirmed SARS-CoV-2 positive cases were identified. In-
dividuals tested after August 31, 2021, were excluded to avoid 
biases caused by delays in symptom development, or potential 
exposure after the gradual lifting of imposed restrictions during 
the national lockdown.

2.3 Data Collection:
All patients' epidemiological and clinical information was ob-
tained from the COVID-19 SRF created by the Indian Coun-
cil of Medical Research (ICMR). For each patient who had a 
SARS-CoV-2 test, the appropriate information was filled out on 
the form, which also inquired about the patient's age, gender, oc-
cupation, testing methods, clinical signs and symptoms, history 
of contact with COVID- 19 patients, medical history, including 
co-morbidities, quarantine, and travel history. Throughout the 
pandemic, this form was modified and changed several Times 
to reflect new testing techniques, clinical indications, and symp-
toms, and the most recent edition noted the level of immuniza-
tion [7].

2.4. Classification of COVID-19-infected patients:
All patients were classified using the most recent WHO and 
Ministry of Health and Family Welfare (MoH&FW) criteria. 
Asymptomatic patients were those who had no symptoms. Fur-
thermore, for the objective of comparing individuals with se-
vere illness, patients who were asymptomatic or were classified 
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as having mild or moderate disease were grouped as nonsevere 
COVID-19.

2.5 Laboratory Confirmation:
Standard methods were used to collect samples from the throat 
and/or nasopharynx. The samples were then placed into a single 
virus transport medium (VTM), transferred to the microbiology 
lab while preserving cold chain, and kept there at -20 °C until 
being processed. Ribonucleic acid (RNA) was extracted from 
the samples in the lab using a variety of ICMR approved kits 
during the entire course of the pandemic. The extraction process 
strictly followed the manufacturer's directions. The RNA elute 
was subjected to a multiplex qRT-PCR test to identify targets 
unique to SARS-CoV-2. Genes unique to SARS-CoV-2 such as 
the E gene, ORF 1ab, N gene, and RdRp gene were amplified. 
The manufacturer's instructions were strictly followed during 
the preparation of the master mix, the programming of the re-
al-time PCR thermocycler, the subsequent assay run validation, 
and the interpretation of the results. Samples with an exponential 
amplification profile for the target genes' cycle threshold (Ct) 
were classified as positive and documented.

2.5 Sequencing of Samples:
Next-generation sequencing (NGS) was done on samples from 
individuals with severe illnesses, lengthy recoveries, other ab-

normal clinical presentations, and patients with a history of over-
seas travel. According to the instructions of the regional health 
authorities, a representative sample set from these individuals 
was forwarded to authorized regional genome sequencing lab-
oratories (RGSL) for sequencing. According to the region, the 
government portal's sequencing data was updated. Sequencing 
data, however, was not individually distributed to the institute or 
other laboratories [8].

2.6 Data analysis:
The data were analyzed by using XLSTAT (version 23.1.1094.0). 
Descriptive statistics and Chi-square tests were done and the sig-
nificance of the tests was decided at P=0.0

3. Results
3.1 Study Design:
For this retrospective, single-center study, patients were recruit-
ed at the peak of the 2nd wave in India from April 2021 to August 
2021, at Viral Research and Diagnostic Laboratory (VRDL), 
Tezpur Medical College and Hospital (TMCH), Assam. Patient 
details were collected from the hospital facility. During this pe-
riod, a total of 72,403 samples suspected of COVID-19 were 
tested by Real-time reverse-transcriptase polymerase chain re-
action (PCR) and a total of 1110 participants tested positive for 
COVID-19.

3.2 Males were more susceptible to Covid-19 as compared to females:
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TOTAL POSITIVE 

SAMPLES  1110 Percentage  

MALE 624 56.21% 
FEMALE 486 43.70% 

Table 1: Gender-wise Distribution of Covid-19 Positive Cases at the Study Centre

Out of the 1110 positive cases during the peak of the COVID-19 
second wave, a total of 624 (56.21%) infected individuals were 
male and 486 (43.7%) individuals were female (Table 1). While 
females still contracted the disease less than males, the positivity 
of females was markedly high as compared to the first wave of 
the disease (81% males and 19% females).

3.3 Individuals in the younger age groups were more suscep-
tible to Covid-19:
While conducting the details analysis of age group distribu-

tions, the age groups of 0-9 and 10-17 were taken together. In 
addition, the overall infected cases in the age groups of 18-30, 
31-40, 41-50, 51-60, and ≥60 were analyzed. Interestingly, indi-
viduals aged 18-30 (312 cases, 27.32%) and 31-40 (236 cases, 
20.66%) were the only two age groups showing maximum posi-
tive cases (Figure 1). It may be noted that individuals in the age 
group 18-30 showed significant infection of COVID-19 cases 
(p>0.00001) suggesting higher susceptibility in this age group 
irrespective of gender. No significant difference was observed in 
the other age groups.
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3.4 Prevalence of Asymptomatic COVID-19 cases to that of 
symptomatic cases:
Symptomatic COVID-19 cases accounted for only 120 (10.8%) 

cases out of the total 1110 positive cases included in the study. 
Asymptomatic cases were markedly higher 990 (89.1%) than 
the symptomatic cases (Figure 2).

Figure 2: Distribution of Symptomatic and Asymptomatic Covid-19 Positive Cases at the Study Centre

Further analysis of symptomatic and asymptomatic Covid-19 
cases of both genders was undertaken. The positive cases were 
stratified according to age group and gender (Table 2). Most of 
the transmissions took place from male patients. The highest 
number of positive symptomatic cases in males were seen in the 
age group of 31-40 years followed by the age group of 18-20 

years. The total number of symptomatic male patients accounted 
for 12.26% of the total cases (Table 2-A). In contrast, the highest 
number of positive symptomatic in females was seen in the age 
group of 50-59 years. Further, the total number of symptomatic 
female patients accounted for just 8.3% of the total cases (Table 
2-B)
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3.5 The district of Sonitpur showed the highest load of con-
firmed positive cases:
Samples from 3 districts of Assam namely Sonitpur, Biswanath, 
and Udalguri districts were tested at the VRDL, TMCH labora-
tory during the second COVID-19 wave. Out of the 1110 pos-
itive cases taken in the present study, a total of 582 cases were 

from the Sonitpur district which was followed by the districts 
of Biswanath (398 cases) and Udalguri (130 cases). It is worth 
noting that a total of 16.1% out of the 582 cases in the Sonitpur 
district were symptomatic cases. In contrast, symptomatic cases 
from Biswanath and Udalguri districts accounted for only 3.5% 
and 6.1% respectively.

The total number of symptomatic male patients accounted for 12.26% of the total cases (Table 2-

A). In contrast, the highest number of positive symptomatic in females was seen in the age group 

of 50-59 years. Further, the total number of symptomatic female patients accounted for just 8.3% 

of the total cases (Table 2-B) 
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Symptoms Male (%) n=72 Female (%) 
n=42 p-value* 

Fever 56 (77.7) 32 (76.1) 0.8 
Body Ache 22 (30.5) 27 (64.2) < 0.0001* 

Sore Throat 48 (66.6) 29 (69.0) 0.9 
Nasal Discharge 45 (62.5) 25 (59.5) 0.84 

Cough 44(61.1) 26 (61.9) 0.58 
Abdominal pain 16 (22.2) 24 (57.1) < 0.0001* 

Diarrhea 23 (31.9) 7 (16.6) < 0.0001* 
Vomiting 18 (25.0) 20 (47.6) < 0.0001* 

Chest Pain 30 (41.6) 8 (19.0) 0.0006* 
Loss of smell 15 (20.8) 9 (21.4) 0.52 
Loss of Taste 16 (22.2) 9 (21.4) 0.43 

 

Table 4: Comparison of clinical profile of symptomatic COVID-19 infected patients (Male and Female). 

*Each of the symptomatic patients had one or more symptoms; n: number of patients, when p < 0.05, the 

two proportions differ significantly. 
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the symptoms were significantly higher in men and vice versa. While females were more likely to 

experience symptoms like nausea, bodily aches, and abdominal pain (p< 0.0001*). Male patients 

were substantially more likely than female patients to experience chest pain (p = 0.0006) and 

diarrhea (p <0.0001*). The proportion of other symptoms was the same for both genders, and the 

difference was not statistically significant.    

 

 

Table 4: Comparison of clinical profile of symptomatic COVID-19 infected patients (Male and Female).

*Each of the symptomatic patients had one or more symptoms; 
n: number of patients, when p < 0.05, the two proportions differ 
significantly.

The clinical profiles of all COVID-19-infected symptomatic pa-
tients tested at the hospital’s screening point as well as of hos-
pitalized patients (Both male and female) together with their 
statistical significance are listed in Table 4. The majority of the 
symptoms reported during both the first and second waves of the 
study were found to be similar. Interesting as it may be, some of 
the symptoms were significantly higher in men and vice versa. 
While females were more likely to experience symptoms like 
nausea, bodily aches, and abdominal pain (p< 0.0001*). Male 
patients were substantially more likely than female patients to 
experience chest pain (p = 0.0006) and diarrhea (p <0.0001*). 
The proportion of other symptoms was the same for both gen-
ders, and the difference was not statistically significant.

3.7 Sequencing Results:
Throughout the duration of the study, 115 samples were sent 
over for sequencing. According to the week-by-week sequenc-

ing data for the North East Indian region posted on the website 
of the Indian SARS-CoV-2 Genomics Consortium (INSACOG), 
the delta variant [B.1.617.2] was the most common strain circu-
lating in this region during the Second Wave. The major strains 
circulating during the First Wave, in contrast, belonged to the 
'other lineage' category, which comprises strains other than those 
classified by WHO as Variant of Concern (VoC) and Variant of 
Interest (VoI) [8, 9].

4. Discussion
SARS-CoV-2, along with MERS, is one of the most virulent in-
fections causing severe acute respiratory disease in humans. In 
accordance with initial case studies from China, COVID-19 was 
demonstrated as a respiratory illness with a spectrum of symp-
toms that can range from moderate sickness (81%), severe re-
spiratory distress (14%), and critical illness in 5% of cases, with 
a case fatality rate of roughly 2.4 percent. Additionally, there 
are significant differences in demographic and clinical trends 
between nations on different continents [10]. The fact that there 
have been regional variations in health literacy, healthcare equi-
ty, and general public risk perceptions in India, a country with a 
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sizable population, highlights the significance of having access 
to regionspecific epidemiological data that will help local health 
authorities develop guidelines and policies to prevent and con-
trol a future COVID-19 infection surge. In addition, the genetic 
makeup, environment, traditions, and geography of NE India are 
noticeably different from those of the rest of the nation [7, 9, 11]. 
Assam is one of the seven sisters of North-East India, sharing 
international borders that have multiple neighboring countries, 
including Tibet in the north, Myanmar in the east, and Bangla-
desh, Bhutan, and Nepal in the west, all of which were affected 
by the pandemic. As a result, Assam as well as the rest of the NE 
Indian states stands vulnerable to future breakouts [12-15].

Our investigation revealed intriguing COVID-19 case trajecto-
ries in individuals based on gender, age groupings, and clinical 
presentation. Our study was consistent with previous studies 
as well as study from our group during the first wave in which 
males were more susceptible to Covid-19 disease as compared 
to females [16, 17]. At all ages, there are differences between 
the prevalence and course of infectious diseases based on gen-
der, with males generally carrying a heavier burden of bacterial, 
viral, fungal, and parasitic infections [18, 19]. In coronavirus 
outbreaks in the past, both SARS and MERS-CoV, men have 
been observed to contract CoV at higher rates than women [20, 
21]. The strong sex bias seen in the COVID-19 pandemic is like-
ly caused by basic disparities in the immune response between 
males and females, notwithstanding the possibility that socio-
economic variables are impacting some elements of the pandem-
ic. In terms of the adaptive immune system, females produce 
more B cells and immunoglobulin than males, have more CD4+ 
T cells than males, and have stronger CD8+ T cell cytotoxic ac-
tivity. The X chromosome and sex hormones, which have been 
demonstrated to play a role in innate and adaptive immunity, 
may be responsible for women being less susceptible to infec-
tion [22-24].

Further, Age groups 18 to 30 years and 31 to 40 years had the 
highest percentages of positive cases. It must be highlighted 
that people between the ages of 18 and 30 years demonstrated a 
considerable COVID-19 infection rate (p>0.00001), indicating 
increased vulnerability in this age range regardless of gender. 
In the other age categories, there was no significant difference. 
Interestingly, our data was consistent with other studies from 
North India [25, 26]. Contrarily, a small number of studies from 
China, New York, and Italy reported a median age (59–63 years) 
that was higher and more susceptible to the disease [17, 27, 28].

The current study investigated whether there exists any gen-
der bias in the development of symptoms in symptomatic pa-
tients. It was learned that general symptoms such as fever, sore 
throat, nasal discharge, cough, and loss of smell and taste oc-
curred in almost equal proportions in men and women. This 
could be attributable to the delta strain, which was prevalent in 
the country, including NE India, during the second wave [29, 
30]. WHO classed it as a VoC since it had been identified to be 
highly transmissible and virulent, with certain distinctive clini-
cal hallmarks? Interestingly, females were found more likely to 
experience symptoms like nausea, bodily aches, and abdominal 
pain (p< 0.0001*). Male patients were substantially more likely 

than female patients to experience chest pain (p = 0.0006) and 
diarrhea (p <0.0001*). While studies regarding the mechanisms 
employed by the virus during the infection are still in their naive 
phases, preliminary studies have shown that Angiotensin con-
verting enzyme-2 (ACE-2) receptors are the entrance point for 
SARS-CoV-2, potentially with the aid of transmembrane serine 
protease-2. Since ACE2 is known to play a significant role in 
regulating intestinal inflammation, therefore, the mechanism has 
been postulated to be the cause of diarrhea in COVID-19 patients 
[31]. It may also contribute to the virus's potential trans-neuronal 
propagation to the olfactory bulb, which would cause anosmia 
[32].

While much emphasis has been placed on symptomatic pa-
tients of all ages, it would be unwise to ignore the asymptomatic 
Covid-19 positive individuals, as increasing evidence has shown 
that people who are asymptomatic spread the virus effectively, 
and the growing number of these silent SARS-CoV-2 spreaders 
hampered the pandemic control [33, 34]. However, our knowl-
edge of the clinical characteristics and immunological responses 
of asymptomatic patients infected with SARS-CoV-2 is still re-
markably limited and requires further research.

Furthermore, due to a lack of funding, manpower, and techni-
cal competence, we were unable to undertake sequencing at our 
Institute. However, Given North-East India's particular region-
al significance and the global requirement to produce and share 
genomic and serological profiles of SARS-CoV-2 transmission 
and evolution, our samples were forwarded to authorized region-
al genome sequencing laboratories (RGSL) for sequencing [8]. 
The devastating second wave of COVID-19 cases in India in 
2021 corresponds with the prevalence of B.1.617.2 (Delta vari-
ant) and its other major sub-lineages AY.4/AY.x16. Delta out-
breaks may be correlated to their high transmissibility, capacity 
to escape immune responses within the human body, and diag-
nostic detection failure. Increased viral replication and mutation 
are the prime evolutionary mechanisms that result in the emer-
gence of more transmissible and deadly virus variants [35-37].

5. Conclusion
In conclusion, the data obtained from the study will contribute 
to our understanding of SARSCoV-2 infections in the popula-
tion of Assam, North-East India. The data produced by this study 
may be used in various mathematical models to develop reliable 
future projections of anticipated surges of infection and iden-
tify sensitive population proportions. Our research will add to 
the body of knowledge and may assist local health authorities in 
developing data-driven recommendations for North-East (NE) 
India and increasing their readiness to respond to future catastro-
phes of a similar sort.
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