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Abstract

We studied the third coronavirus disease 2019 (COVID‐19) pandemic wave in

Athens metropolitan area (3 738 901 inhabitants) through two seroepidemiological

surveys. Persons presenting in 12 healthcare facilities across Athens in March and

June 2021 were studied (764 and 901, respectively). Immunoglobulin G antibodies

against severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) spike pro-

tein were measured by a chemiluminescent microparticle immunoassay. In March

the seroprevalence rate was 11.6%, meaning that 435 208 residents of Athens had

evidence of immunity. The respective values in June were 55.7% and 2 082 568

residents. The highest seroprevalence rates attributed to SARS‐CoV‐2 infection

were recorded in persons <18 years (16.3% in March and 31.6% in June), while

immunity was mainly vaccine‐induced in persons 18–64 years and >65 years.

Infection‐attributed immunity also increased in older‐age groups. Wide ranges in

seroprevalence rates were noted across areas in March and June. The highest ser-

oprevalence rates were recorded in Piraeus (47.2%) and West Attica (37.5%).

However, the highest increase (>5 times) occurred in Piraeus and the South Section

of Athens, which are among the most densely populated areas in Athens. In both

study periods, history of COVID‐19 or febrile episode, and having a cohabitant with

COVID‐19 were associated with increased risk for seropositivity among un-

vaccinated persons (p values <0.001 for all). Residing in Piraeus, the South Section or

West Attica was associated with increased risk for seropositivity in June (p values

<0.001). Wide heterogeneity in seroprevalence rates was found across areas in

Athens, which is mainly attributed to population density. The impact of population

mobility and socioeconomic status should be explored.
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1 | INTRODUCTION

Almost 2 years after the emergence of severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2) and the declaration of the coronavirus dis-

ease 2019 (COVID‐19) pandemic, humanity continues to face its con-

siderable health, societal, and economic consequences.1 As of November

9, 2021, more than 249 million laboratory‐confirmed cases and more

than 5 million deaths have been reported globally.2 Pandemics are often

heterogeneous in terms of spatial and temporal evolution and wide dif-

ferences may occur between and within populations.3–6 These differ-

ences are mainly driven by varying levels of population immunity in the

context of consecutive pandemic waves, but also by population density,

human mobility networks, and the mixture and magnitude of im-

plemented countermeasures which may shift the characteristics of the

pandemic.3–6 Mass vaccination is the key countermeasure to limit

COVID‐19 associated morbidity and mortality and to speed the return to

normality.7 The first COVID‐19 vaccines were developed and granted

emergency use authorization within less than a year after the declaration

of the pandemic. 8 Currently, there are several COVID‐19 vaccines in use

globally.8

In Greece, the first COVID‐19 case was detected on February

26, 2020.9 Following a small wave in March–May 2020, Greece ex-

perienced two large waves in September–December 2020 and

February‐June 2021, respectively.10 Overall, as of November 9,

2021, 801 208 cases and 16 414 deaths have been notified in

Greece.10 Yet, there are many more infections than those officially

documented, as many infected persons remain asymptomatic or de-

velop mild symptoms and therefore go unnoticed.9,11,12 Ser-

oprevalence studies can capture past infections in a population at a

specific time, including asymptomatic or mildly symptomatic infec-

tions.13–15 These studies can also detect vaccine‐induced immunity

and, therefore, can be used to estimate the overall immunity levels of

a population. However, to the best of our knowledge, the over-

whelming majority of seroprevalence surveys worldwide concerned

either the first pandemic wave or special population groups such as

healthcare personnel, while on several occasions they relied on re-

sidual clinical specimens.11,16,17

Although it is highly likely that SARS‐CoV‐2 will become endemic

in the coming years, there are uncertainties regarding transition dy-

namics from COVID‐19 pandemic to endemicity, the emergence of

new variants, and the expected concomitant pressure of seasonal

influenza on healthcare services.18,19 Regarding Greece, this is critical

given that as of November 11, 2021, 62% of the general population is

fully vaccinated, rendering this country 23rd in the ranking of

European countries.20 In that respect, we conducted a prospective,

two time‐point seroepidemiological study in the Athens metropolitan

area where one‐third of the population of Greece resides. Our ob-

jective was to study the evolution of the third COVID‐19 pandemic

wave and factors influencing the risk for SARS‐CoV‐2 seropositivity.

2 | METHODS

2.1 | Sample size estimation

The resident population in the Athens metropolitan area amounted to

3 738 901 inhabitants (2011 census).21 With a 15% expected ser-

oprevalence rate against SARS‐CoV‐2, it was estimated that a sample

of 625 persons was required for each cross‐sectional ser-

oepidemiological survey for a 2.7% margin of error, 90% power, and

95% confidence interval (CI) (power analysis).

2.2 | Enrolment of participants, data collection, and
sera sampling

We selected 12 healthcare facilities (4 hospitals and 8 primary healthcare

centers) across Athens metropolitan area based on geographical and

population catch areas. The infection control committees of the hospitals

and the directors of the primary healthcare centers were invited and

agreed to participate in the study. The participating healthcare facilities

were requested to enroll a pre‐defined number of persons (60–80 per

healthcare facility) from March 1 through 22, 2021 (3‐week window)

(Figure 1). At that time, the Alpha (B.1.1.7) SARS‐CoV‐2 variant
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predominated in Greece. Participants were selected randomly among

asymptomatic persons referred for blood sampling, irrespective of de-

mographic or other characteristics, history of SARS‐CoV‐2 infection or

COVID‐19 vaccination, or reason for blood testing. Symptomatic persons,

persons whose permanent residence was out of the Athens metropolitan

area, and healthcare personnel were excluded from the study. Attention

was requested to enroll persons across all age groups. Demographic,

clinical, and epidemiological data were collected anonymously using one

standardized questionnaire per participant. A febrile episode was defined

as the onset of fever (>38°C) twice within 24h. COVID‐19 was defined

as a case with compatible symptoms confirmed by a positive SARS‐CoV‐

2 real time‐PCR. A cohabitant was defined as a person living permanently

in the same residence. The survey and sera sampling was conducted

concomitantly and prospectively. The study was repeated from June 1

through 22, 2021 implementing the same methodology as in March

(Figure 1). During June 2021, the Alpha (B.1.1.7) and the Delta (B.1.617.2)

SARS‐CoV‐2 variants co‐circulated, however, the Delta variant pre-

dominated rapidly over the Alpha variant. Consent was requested by

participants or, in the case of children <18 years old, by their parents or

guardians. The study was approved by the Ethics Committee of the

National and Kapodistrian University of Athens.

2.3 | Laboratory diagnosis

Serum samples were sent to the Department of Microbiology of

National and Kapodistrian University of Athens for testing. The

presence of immunoglobulin G (IgG)‐specific antibodies against

the SARS‐CoV‐2 spike protein was determined by a chemilumi-

nescent microparticle immunoassay (SARS‐CoV‐2 IgG II Quant,

Abbott). Immunity against SARS‐CoV‐2 (either from past infec-

tion or from vaccination) was defined as a cut‐off value of

≥50 AU/ml. Negative and positive controls were included in all

assays.

2.4 | COVID‐19 vaccination campaign in Greece

The COVID‐19 vaccination campaign started on December 28, 2020.

Healthcare personnel were prioritized, followed by the elderly (>80

years and >70–79 years), persons with co‐morbidities, and younger

age groups. The following vaccines were used: Comirnaty (Pfizer‐

BioNTech messenger RNA [mRNA] BNT162b2 vaccine) from late

December 2020, Spikevax (Moderna mRNA‐1273 vaccine) from

January 2021, Vaxzevria (Oxford/Astra Zeneca ChAdOx1‐S vaccine)

from February 2021, and Janssen (Johnson & Johnson recombinant

viral vector adenovirus vaccine) from May 2021. Most vaccinations

were accomplished with the two mRNA vaccines.

2.5 | Statistical analysis

Frequencies and percentages were used for categorical variables. Com-

parisons between groups were performed by using the two‐tailed t‐test

for continuous variables and the chi‐square test for categorical variables.

CIs were estimated. All p values of ≤0.05 were considered statistically

significant. The statistical analysis was conducted using the IBM SPSS

Statistics for Windows, Version 26.0.: IBM Corp.

3 | RESULTS

A total of 1665 persons were studied, 764 in March 2021 and 901 in

June 2021. Of them, 1192 were enrolled in primary healthcare

centers and 473 in hospitals, with no significant difference in en-

rollment site by studied period (data not shown). Table 1 shows the

characteristics of tested persons by study period. The two groups

differed in the distribution of areas of residence (p value = 0.004). In

addition, more persons had a history of COVID‐19, a cohabitant with

a history of COVID‐19, or had been vaccinated against COVID‐19 in

F IGURE 1 Laboratory‐confirmed SARS‐CoV‐2 cases in Greece, June 30, 2021 (National Public Health Organization.11) Arrows indicate the
two sampling periods. SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2
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June compared with persons tested in March (p values <0.001 for all

comparisons).

3.1 | Estimation of seroprevalence rate against
SARS‐CoV‐2 in March 2021

In March 2021, 89 persons tested seropositive against SARS‐CoV‐2,

therefore the overall seroprevalence rate was 11.6% (CI:

9.5%–14.1%). This implies that at that time approximately 435 208

residents of the Athens metropolitan area had serologic evidence of

immunity against SARS‐CoV‐2. Table 2 shows seroprevalence rates

against SARS‐CoV‐2 according to participants' characteristics re-

gardless of history of COVID‐19 vaccination. History of febrile epi-

sode, past diagnosis of COVID‐19, and diagnosis of COVID‐19 in a

cohabitant were significantly associated with increased risk for ser-

opositivity (p values <0.001 for all comparisons).

Of the 89 persons who tested seropositive against SARS‐CoV‐2

in March 2021, 54 (52.1%) were not vaccinated, 21 (32.2%) had

received one dose of COVID‐19 vaccine, while 14 (15.7%) had re-

ceived two doses. Table 3 shows seroprevalence rates of un-

vaccinated tested persons according to their characteristics. History

of COVID‐19, history of febrile episode, and having a cohabitant with

COVID‐19 were significantly associated with an increased risk for

seropositivity against SARS‐CoV‐2 among unvaccinated persons in

March (p values <0.001 for all comparisons). Age, gender, and area of

TABLE 1 Characteristics of tested persons by study period

Characteristic
March 2021 June 2021

p valuen = 764 (%) n = 901 (%)

Mean age, years (range) 58.3

(0.1−93)

55.7

(0.1–94)
0.291

Males 340 (44.5) 378 (42.0) 0.235

Comorbiditiesa 357 (46.7) 428 (47.5) 0.768

Mean no. of underlying
diseases (range)

1.8 (1–9) 1.7 (1–7) 0.147

Residence area

East Attica 144 (18.8) 168 (18.6) 0.004

North Section of Athens 31 (4.0) 26 (2.9)

West Attica 7 (1.0) 10 (1.1)

West Section of Athens 126 (16.5) 195 (21.6)

Central Section of Athens 271 (35.5) 252 (28.0)

South Section of Athens 119 (15.6) 143 (15.9)

Piraeus 66 (8.6) 107 (11.9)

Having cohabitants 606 (79.3) 727 (80.7) 0.499

Mean no. of cohabitants
(range)

2.2 (1–16) 2.2 (1–10) 0.437

History of febrile episodeb 55 (7.2) 86 (9.5) 0.087

History of COVID‐19 23 (3.0) 74 (8.2) <0.001

COVID‐19 vaccination 60 (7.9) 468 (51.9) <0.001

One dose 43 (71.6) 165 (35.3)

Two doses 17 (28.4) 303 (64.7)

Cohabitant with COVID‐19 22 (2.9) 69 (7.6) <0.001

Abbreviation: COVID‐19, coronavirus disease 2019.
aCo‐morbidities included arterial hypertension, diabetes mellitus, chronic
cardiovascular disease, chronic pulmonary disease, chronic renal disease,
chronic hepatic disease, obesity, malignancy, and immunosuppression.
bFrom September 2020.

TABLE 2 Seroprevalence rates against SARS‐CoV‐2 according
to characteristics of tested persons regardless of history of
COVID‐19 vaccination, March and June 2021

Characteristic

Seroprevalence ratea

March June
p value(n = 764) (n = 901)

Age (years)

<18 16.3% 31.6% 0.475

18–64 9.6% 48.6% <0.001

>65 14.4% 69.2% <0.001

Gender

Male 14.2% 56.9% <0.001

Female 9.5% 55.5% <0.001

Residence

East Attica 13.9% 56.5% <0.001

North Section of Athens 20.0% 46.2% 0.293

West Attica 14.3% 50.0% 0.549

West Section of Athens 8.7% 49.2% 0.011

Central Section of Athens 10.4% 52.4% <0.001

South Section of Athens 8.4% 60.8% 0.001

Piraeus 19.7% 70.1% <0.001

History of febrile episodeb

Yes 27.3% 68.6% <0.001

No 10.5% 54.4% 0.001

History of COVID‐19

Yes 91.3% 91.8% 0.942

No 9.2% 52.5% <0.001

Cohabitant with COVID‐19

Yes 68.2% 75.4% 0.579

No 10.0% 54.1% <0.001

Abbreviations: COVID‐19, coronavirus disease 2019; SARS‐CoV−2,
severe acute respiratory syndrome coronavirus 2.
aAgainst SARS‐CoV−2.
bFrom September 2020.
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residence were not associated with increased risk for seropositivity in

March, regardless of history of COVID‐19 vaccination.

3.2 | Estimation of seroprevalence rate against
SARS‐CoV‐2 in June 2021

In June 2021, 502 persons tested seropositive against SARS‐CoV‐2.

The overall seroprevalence rate at that time was 55.7% (CI:

52.4%–58.9%). It is estimated that approximately 2 082 568 re-

sidents of the Athens metropolitan area had serologic evidence of

immunity against SARS‐CoV‐2 at that time. The difference between

the overall seroprevalence rates in March and June was statistically

significant (p value <0.001). The following factors were significantly

associated with increased risk for seropositivity: age (p value <0.001),

history of COVID‐19 (p value <0.001), history of febrile episode

(p value = 0.011), having a cohabitant with a history of COVID‐19

(p value = 0.001), and area of residence (p value = 0.013).

Of the 502 persons who tested seropositive against SARS‐CoV‐2

in June, 111 (22.1%) and 291 (58%) had received one or two doses of

COVID‐19 vaccines, respectively, while 100 (19.9%) were not vac-

cinated. In June 2021, the following factors were significantly asso-

ciated with increased risk for seropositivity among unvaccinated

persons: history of COVID‐19, history of febrile episode, having a

cohabitant with COVID‐19, and area of residence (p values <0.001

for all comparisons). In contrast, age and gender were not associated

with increased risk for seropositivity.

3.3 | Evolution of the third COVID‐19 pandemic
wave in the Athens metropolitan area

Persons <18 years old had the highest seroprevalence rates attrib-

uted to natural SARS‐CoV‐2 infection in both studied periods (16.3%

in March and 31.6% in June) (Table 3). In contrast, serologically

proven immunity against SARS‐CoV‐2 was mainly vaccine‐induced

in persons 18–64 years and ≥65 years (Tables 2 and 3). Nevertheless,

seroprevalence attributed to natural SARS‐CoV‐2 infection also

increased during the third pandemic wave in older‐age groups

(Table 3).

Wide ranges in seroprevalence rates against SARS‐CoV‐2 at-

tributed to natural infection were noted across studied areas

(Table 3). In March 2021, West Attica had the highest seroprevalence

rates against SARS‐CoV‐2 (14.3%) attributed to natural infection

(Table 3). In June 2021, the highest seroprevalence rate among un-

vaccinated persons was noted in Piraeus (47.2%), followed by West

Attica (37.5%). However, the highest increase of seroprevalence due

to natural SARS‐CoV‐2 infection was recorded in the South Section

of Athens and Piraeus (5.5 and 5.18 times, respectively).

4 | DISCUSSION

We conducted a two‐point seroprevalence survey in March and June

2021 to study the evolution of the third COVID‐19 pandemic wave in

the Athens metropolitan area, which is mostly urban, with significant

variations in population density and socioeconomic status of re-

sidents. To the best of our knowledge, this is among the few pro-

spectively conducted seroepidemiological surveys not focusing on

risk groups, and the only one conducted in the third pandemic wave,

after the implementation of mass COVID‐19 vaccination programs.

Seroprevalence surveys at the regional level can yield valuable in-

sights to guide future intervention policies but also prepare

the healthcare system. This is imperative given the emergence of

new variants, the upcoming influenza season, and the suboptimal

TABLE 3 Seroprevalence rates against SARS‐CoV−2 according
to characteristics of tested persons with no history of COVID−19
vaccination, March and June 2021

Characteristic

Seroprevalence ratea

March June
p value(n = 704) (n = 433)

Age (years)

<18 16.3% 31.6% 0.475

18–64 7.4% 23.1% 0.057

>65 6.6% 19.6% 0.287

Gender

Male 8.8% 23.7% 0.120

Female 6.6% 22.5% 0.084

Residence area

East Attica 9.8% 10.4% 0.967

North Section of Athens 4.3% 9.1% 0.923

West Attica 14.3% 37.5% 0.708

West Section of Athens 7.5% 19.0% 0.436

Central Section of Athens 7.5% 22.8% 0.166

South Section of Athens 5.4% 30.0% 0.225

Piraeus 9.1% 47.2% 0.133

History of febrile episodeb

Yes 27.3% 59.7% 0.036

No 6.0% 17.0% 0.108

History of COVID‐19

Yes 90.9% 91.7% 0.913

No 5.0% 12.1% 0.279

Cohabitant with COVID‐19

Yes 70.0% 71.2% 0.933

No 5.9% 16.5% 0.113

Abbreviations: COVID‐19, coronavirus disease 2019; SARS‐CoV−2,
severe acute respiratory syndrome coronavirus 2.
aAgainst SARS‐CoV−2.
bFrom September 2020.
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COVID‐19 vaccine uptake rates in Greece, which can fuel additional

waves of severe cases, hospitalizations, and deaths.22

We estimated that the seroprevalence rate against SARS‐CoV‐2

increased sharply from 11.6% in March 2021 to 55.7% in June 2021.

In particular, we estimated that approximately 435 208 residents in

Athens had serologic evidence of immunity in March. This number

was raised fivefold (to 2 082 568 residents) within a period of 3

months. This evolution is mainly attributed to the fast pace of the

national vaccination program, which should be maintained until the

vast majority of the population is vaccinated. High (31.5%) ser-

oprevalence rates after the first pandemic wave were detected in the

urban area of Chelsea, Massachusetts.23 In contrast, negligible ser-

oprevalence rates (<0.5%) against SARS‐CoV‐2 were estimated after

the first pandemic wave in Greece, which is attributed to the early

implementation of nationwide lockdown.24 In our study, although

half of the seropositive cases in March were linked to natural in-

fection, serologically proved immunity was mainly vaccine‐driven in

June. At that time, mass vaccination campaigns targeting all persons

≥25 years old were fully implemented across the country. In our

study, the association between older age and increased rates of

seropositivity not attributed to natural infection is explained by the

fact that persons >70 years were prioritized for COVID‐19 vaccina-

tion in early 2021. Furthermore, the demographic profile of tested

persons seeking healthcare may explain the increased vaccination

rates recorded in our study groups.

Another finding of the current study is the increase of ser-

oprevalence rates among persons <18 years from 16.3% to 31.6%

within 3 months, demonstrating the high transmissibility of the novel

coronavirus, despite the fact that all schools and educational activ-

ities were almost continuously closed from early November 2020

through early May 2021. During this 6‐month period strict lockdown

policies were implemented nationwide, while the COVID‐19 strin-

gency index ranged from 78.70 to 88.89.25 Nevertheless, recent

studies suggest that restrictions applied for a long period or re-

introduced later may weaken the effect on the circulation of SARS‐

CoV‐2 and the number of casualties.26

In our study, having a cohabitant with a history of COVID‐19 was

associated with an increased risk for seropositive status, similarly

with other studies27 In our study of transmission dynamics of

SARS‐CoV‐2 within Greek families, the median attack rate was 60%

(range: 33.4%–100%).28 High attack rates (up to 75%) within families

were also found by others.29,30 Finally, a history of febrile episode up

to 9 months before testing was also predictive of seropositivity, as

also shown in other studies.31,32

Similarly with past pandemics and the ongoing COVID‐19 pan-

demic,3–6,33,34 wide differences in seroprevalence rates against

SARS‐CoV‐2 across areas were found in our study. However, we

found no statistical significance between the two study periods,

which is explained by the rather small number of tested persons per

region. The highest burden of infections occurred in Piraeus and

West Attica. One could argue that the limited number of tested

persons in West Attica warrants cautious interpretation of our find-

ings. Nevertheless, national surveillance data also showed wide

heterogeneity of infection rates across the Athens metropolitan area.

During the peak of the third pandemic wave in April 2021, the daily

incidence rate of laboratory‐confirmed COVID‐19 cases was as high

as 98 cases per 100 000 residents in West Attica and 78 cases per

100 000 residents in Piraeus.10 However, in our survey the highest

increase (>5 times) occurred in the South Section of Athens and

Piraeus (nearby areas). Piraeus and the South Section of Athens are

among the most densely populated areas in the Athens metropolitan

area (8905 and 7690 residents per km2, respectively) which largely

explains our findings. On the other hand, West Attica is the most

sparsely populated area of Athens (143 residents per km2). Our

findings indicate that factors other than population density account

for the high seroprevalence rate in West Attica. West Attica is the

largest industrial area in Athens and almost all logistics enterprises,

including food and retail warehouses, are located there. Every day a

large number of industrial workers commute to their workplace, ei-

ther within West Attica or from other regions. There are also many

immigrant workers and Roma settlements in this area whose vacci-

nation status may be low. West Attica has also extensive connectivity

with all national roads and suburban public transportation systems of

Athens. It is possible that despite the strict lockdown, the increased

human mobility in association with suboptimal implementation of

hygiene measures in workplaces highly facilitated the transmission of

SARS‐CoV‐2 in West Attica. Socioeconomic status might also be

associated with risk for SARS‐CoV‐2 infection, as shown in other

studies.35

Our study has several strengths. We enrolled a large number of

asymptomatic persons early in the third pandemic wave and at the

end, which allowed us to study in detail the evolution of immunity

against SARS‐CoV‐2. In addition, a clear strength is the fact that we

tested persons from all areas of the Athens metropolitan area and of

all age groups. A potential limitation is the fact that persons seeking

healthcare may not represent the general population. Yet, epide-

miological data and serum specimens were collected concomitantly

and prospectively, instead of testing residual clinical specimens.

In conclusion, our study provides insight into the evolution of the

third COVID‐19 pandemic wave in the Athens metropolitan area. Our

study showed that the seroprevalence of IgG antibodies against

SARS‐CoV‐2 increased sharply during the 3‐month period. This

evolution is mainly attributed to the fast pace of the national vacci-

nation program, indicating that it should be maintained until the vast

majority of the population is vaccinated. Despite the implemented

strict lockdown policies, SARS‐CoV‐2 circulated widely and infected

significant portions across all age groups, and particularly among

persons <18 years old. Wide differences in seroprevalence rates

were noted among regions. Beyond population density, it is likely that

human mobility and connectivity also accounted for the spatial het-

erogeneity in seroprevalence rates. The role of socioeconomic status

should also be explored. Overall, our study can inform policymakers

to plan future public health interventions in light of the expected

emergence of novel variants of concern, the upcoming influenza

season, and the suboptimal vaccination coverage rates against

COVID‐19 in Greece.

1470 | MALTEZOU ET AL.



5 | STUDY GROUP

Ioannis Koulouris, Bhuma Vaidya, George Makris, Ioanna Aggelopoulou,

Vasiliki Tsaousi (Primary Healthcare Center of Aigaleo, Athens, Greece);

Aggeliki Vasilagkou, Aikaterini Bobori, Maria Laskarini (Primary

Healthcare Center of Athens, Athens, Greece); Aikaterini Dentaki

(Primary Healthcare Center “Aghia Sophia” of Piraeus, Piraeus, Greece);

Miltiadis Alexiou (Primary Healthcare Center of Kalyvia, Attica, Greece);

Artemis Bousboula (Primary Healthcare Center of Neos Kosmos,

Athens, Greece); Despoina Bakirtzoglou, Evaggelia Minasidou, Maria

Sofiani, Maria Katsougri, Efthimia Samara, Stavroula Alexopoulou

(Primary Healthcare Center of Dafni, Athens, Greece).

ACKNOWLEDGEMENTS

We thank the healthcare personnel of the participating healthcare

facilities for their assistance in collecting data and blood sampling.

We also thank Anastasia Tedoma for technical assistance. The opi-

nions presented in this article are those of the authors, and do not

necessarily represent those of their institutions.

FUNDING INFORMATION

Funding information is not available.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Helena C. Maltezou: Conception and design of the study, in-

vestigation, writing of the manuscript. Bettina Krumbholz: Design

of the study, review and editing. Maria Mavrouli: Laboratory in-

vestigation, review and editing. Maria Tseroni: Statistical analysis,

review and editing. Maria N. Gamaletsou: Data collection, review

and editing. Evanthia Botsa: Data collection, review and editing.

Cleo Anastassopoulou: Investigation, review and editing.

Aristofanis Gikas: Data collection, review and editing. Evanthia

Fournarakou: Data collection, review and editing. Maria Kavieri:

Data collection, review and editing. Aikaterini Koureli: Data col-

lection, review and editing. Dionysia Mandilara: Data collection,

review and editing. Aikaterini Marinopoulou: Data collection, re-

view and editing. Argyro Theodorikakou: Data collection, review

and editing. Panagiotis Tsiahris: Data collection, review and edit-

ing. Anastasia Zarzali: Data collection, review and editing.

Spyridon Pournaras: Data collection, review and editing.

Athanasia Lourida: Data collection, review and editing. Ioannis

Elefsiniotis: Data collection, review and editing. Georgia Vrioni:

Investigation, review and editing. Nikolaos V. Sipsas: Investigation,

review and editing. Athanasios Tsakris: Conception and design of

the study, investigation, review, writing and editing.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

REFERENCES

1. Garber AM. Learning from excess pandemic deaths. JAMA. 2021;
325:1729. doi:10.1001/jama.2021.5120 published online ahead of
print Apr 2

2. Weekly epidemiological update on COVID‐19 – 5 October 2021.
World Health Organization, available at: https://www.who.int/

publications/m/item/weekly-epidemiological-update-on-covid-19—
9-november-2021 (accessed November 11 2021).

3. Miller MA, Viboud C, Balinska M, Simonsen L. The signature features
of influenza pandemics—implications for policy. New Engl J Med.

2009;360:2595‐2598.
4. Chowell G, Bettencourt LMA, Johnson N, Alonso WJ, Viboud C. The

1918–1919 influenza pandemic in England and Wales: spatial pat-
terns in transmissibility and mortality impact. Proc R Soc B. 2008;
275:501‐509.

5. Andreasen V, Viboud C, Simonsen L. Epidemiologic characterization
of the 1918 influenza pandemic summer wave in Copenhagen: im-
plications for pandemic control strategies. J Infect Dis. 2008;197:
270‐278.

6. Maltezou HC, Katerelos P, Mavrouli M, et al. Seroepidemiological

study of pandemic influenza H1N1 following the 2009‐2010 wave
in Greece. Vaccine. 2011;29:6664‐6669.

7. Russell RS. Virus, vaccines, and variants. Viral Immunol. 2021;34:129.
8. Puthumana J, Egilman AC, Zhang AD, Schwartz JL, Ross JS. Speed,

evidence, and safety characteristics of vaccine approvals by the US

Food and Drug Administration. JAMA Intern Med. 2021;181:559‐560.
9. Maltezou HC, Papadima K, Gkolfinopoulou K, et al. Coronavirus

disease 2019 pandemic in Greece, February 26 – May 3, 2020: the
first wave. Travel Med Infect Dis. 2021;May‐June 41:102051.

10. National Public Health Organization. Daily reports of epidemiologi-
cal surveillance of SARS‐CoV‐2 infections (COVID‐19), available at:
https://eody.gov.gr/neos-koronaios-covid-19/ (accessed November
11 2021).

11. He Z, Ren L, Yang J, et al. Seroprevalence and humoral immune

durability of anti‐SARS‐CoV‐2 antibodies in Wuhan, China: a long-
itudinal, population‐level, cross‐sectional study. Lancet. 2021;397:
1075‐1084.

12. Stefanelli P, Bella A, Fedele G, et al. Prevalence of SARS‐CoV‐2 IgG
antibodies in an area of northeastern Italy with a high incidence of

COVID‐19 cases: a population‐based study. Clin Microbiol Infect.
2021;27:633.e1‐633.e7.

13. Symanski E, Ensor KB, Piedra PA, et al. Population‐based estimates
of SARS‐CoV‐2 seroprevalence in Houston, TX as of September
2020. J Infect Dis. 2021;224(10):1649–1657. doi:10.1093/infdis/

jiab203
14. Stout RL, Rigatti SJ. Seroprevalence of SARS‐CoV‐2 antibodies in

the US adult asymptomatic population as of September 30, 2020.
JAMA Netw Open. 2021;4:e211552.

15. Poustchi H, Darvishian M, Mohammadi Z, et al. SARS‐CoV‐2 anti-
body seroprevalence in the general population and high‐risk occu-
pational groups across 18 cities in Iran: a population‐based cross‐
sectional study. Lancet Infect Dis. 2021;21:473‐481.

16. Bruno‐Murtha LA, Osgood R, Lan FY, et al. SARS‐CoV‐2 antibody

seroprevalence after the first wave among workers at at community
healthcare system in the Greater Boston area. Pathog Glob Health.
2021;115:331‐334.

17. Gidding HF, Machalek DA, Hendry AJ, et al. Seroprevalence of
SARS‐CoV‐2‐specific antibodies in Sydney after the first epidemic

wave of 2020. Med J Aust. 2021;214:179‐185.
18. Maltezou HC, Theodoridou K, Poland G. Influenza immunization and

COVID‐19. Vaccine. 2020;38:6078‐6079.
19. Lavine JS, Bjornstad ON, Antia R. Immunological characteristics

govern the transition of COVID‐19 to endemicity. Science. 2021;

371:741‐745.

MALTEZOU ET AL. | 1471

https://doi.org/10.1001/jama.2021.5120
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---9-november-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---9-november-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---9-november-2021
https://eody.gov.gr/neos-koronaios-covid-19/
https://doi.org/10.1093/infdis/jiab203
https://doi.org/10.1093/infdis/jiab203


20. Our World in Data. Coronavirus (COVID‐19) vaccinations, available at:
https://ourworldindata.org/covid-vaccinations (accessed November
11 2021).

21. Hellenic Statistical Authority. 2011 population census, available at:

http://www.statistics.gr (accessed November 11 2021).
22. Sah P, Moghadas SM, Vilches TN, et al. Implications of suboptimal

COVID‐19 vaccination coverage in Florida and Texas. Lancet Infect
Dis. 2021;21:1393‐1394.

23. Naranbhai V, Chang CC, Beltran WFG, et al. High seroprevalence of

anti‐SARS‐CoV‐2 antibodies in Chelsea, Massachusetts. J Infect Dis.
2020;222:1955‐1959.

24. Bogogiannidou Z, Vontas A, Dadouli K, et al. Repeated leftover
serosurvey of SARS‐CoV‐2 IgG antibodies, Greece, March and April
2020. Euro Surveill. 2020;25:2001369.

25. University of Oxford. COVID‐19 government response tracker, available
at: https://www.bsg.ox.ac.uk/research/research-projects/covid-19-
government-response-tracker (accessed November 11 2021).

26. Liu S, Ermolieva T, Cao G, Chen G, Zheng X. Analyzing the effec-
tiveness of COVID‐19 lockdown policies using the time‐dependent
reproduction number and the regression discontinuity framework:
comparison between countries. Eng Proc. 2021;5:8.

27. Rogawski McQuade ET, Guertin KA, Becker L, et al. Assessment of
seroprevalence of SARS‐CoV‐2 and risk factors associated with

COVID‐19 infection among outpatients in Virginia. JAMA Netw

Open. 2021;4:e2035234.
28. Maltezou HC, Vorou R, Papadima K, et al. Transmission dynamics of

SARS‐CoV‐2 within families with children in Greece: a study of 23
clusters. J Med Virol. 2021;93:1414‐1420.

29. Jiang XL, Zhang XL, Zhao XN, et al. Transmission potential of
asymptomatic and paucisymptomatic severe acute respiratory syn-
drome coronavirus 2 infections: a 3‐family cluster study in China.
J Infect Dis. 2020;221:1948‐1952.

30. Wolf GK, Glueck T, Huebner J, et al. Clinical and epidemiological
features of a family cluster of symptomatic and asymptomatic se-
vere acute respiratory syndrome coronavirus 2 infection. J Pediatric
Infect Dis Soc. 2020;9:362‐365.

31. Vos ERA, den Hartog G, Schepp RM, et al. Nationwide ser-
oprevalence of SARS‐CoV‐2 and identification of risk factors in the

general population of the Netherlands during the first epidemic
wave. J Epidemiol Community Health. 2020;75:489‐495.

32. Vena A, Berruti M, Adessi A, et al. Prevalence of antibodies to SARS‐
CoV‐2 in Italian adults and associated risk factors. J Clin Med. 2020;
9:2780.

33. Pollán M, Pérez‐Gómez B, Pastor‐Barriuso R, et al. Prevalence of
SARS‐CoV‐2 in Spain (ENE‐COVID): a nationwide, population‐based
seroepidemiological study. Lancet. 2020;396:535‐544.

34. Rostami A, Sepidarkish M, Leeflang MMG, et al. SARS‐CoV‐2 ser-
oprevalence worldwide: a systematic review and meta‐analysis. Clin
Microbiol Infect. 2021;27:331‐340.

35. Shaw JA, Meiring M, Cummins T, et al. Higher SARS‐CoV‐2 ser-
oprevalence in workers with lower socioeconomic status in Cape

Town, South Africa. PLoS One. 2021;16:e0247852.

How to cite this article: Maltezou HC, Krumbholz B, Mavrouli

M, et al. A study of the evolution of the third COVID‐19

pandemic wave in the Athens metropolitan area, Greece,

through two cross‐sectional seroepidemiological surveys:

March, June 2021. J Med Virol. 2022;94:1465‐1472.

doi:10.1002/jmv.27465

1472 | MALTEZOU ET AL.

https://ourworldindata.org/covid-vaccinations
http://www.statistics.gr
https://www.bsg.ox.ac.uk/research/research-projects/covid-19-government-response-tracker
https://www.bsg.ox.ac.uk/research/research-projects/covid-19-government-response-tracker
https://doi.org/10.1002/jmv.27465



