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Background: The global emergence of coronavirus disease 2019 (COVID-19) has challenged healthcare and rapidly spread over the
globe. Early detection of new infections is crucial in the control of emerging diseases. Evidence of early recorded COVID-19 cases
outside China has been documented in various countries. In this study, we aimed to identify the time of SARS-CoV-2 infection
circulation by retrospectively analyzing sera of measles patients, weeks before the reported first COVID-19 cases in Angola.
Materials and Methods: We examined the humoral response against SARS-CoV-2 by using an enzyme-linked immunosorbent assay
(ELISA)-based assay on a combined two-step sandwich enzyme immunoassay method. In total, we received 568 study patients with
blood specimens collected from 23 September 2019 to 28 February 2020, 442 sera samples that met the criteria of the study were
withdrawn and selected from the overall 568 received samples. In this study, we considered seropositives, patients who tested positive for
SARS-CoV-2 immunoglobulin G (IgG) and M (IgM) antibodies with the index value >1.
Results: Of the 442 sera samples that met the criteria of the study, 204 were measles seropositive. Forty out of 204 were confirmed
reactive to SARS-CoV-2 viral proteins using IgG and IgM more than 2 weeks before the first reported case in Angola. The humoral
response analysis showed significant differences (p = 0.01) between the IgG and IgM indexes in the unvaccinated measles patients.
Similarly, a significant difference (p = 0.001) was seen between the IgG and IgM indexes in the vaccinated measles patients.
Conclusion: Here, using the humoral response analysis, we report the identification of early circulation SARS-CoV-2 infection weeks
before the first recognized cases in the Republic of Angola.
Keywords: infection, antibodies, pandemic, COVID-19, humoral response

Introduction
The first case of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes the novel
coronavirus disease 2019 (COVID-19), was reported in Wuhan City, Hubei’s Province of China, with notification to
the World Health Organization (WHO) on 31 December 2019.1

Since then, the outbreak of COVID-19 rapidly spread to produce a global pandemic and is now considered a public
health challenge. The gaps in early testing may have led to a widespread underestimation of infected individuals. In order
to better prepare for the next major outbreak, a more detailed and thorough understanding of the early emergence of this
pandemic is required. Evidence of early recorded COVID-19 cases outside China have been documented in various
countries, and a number of strategies have been used to estimate the insurgence of SARS-CoV-2, including early
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phylogenetic analyses and clinical biological sample testing, suggesting that SARS-CoV-2 may have evolved earlier
between October and December 2019.2–6

To that end, we performed a retrospective analysis on the epidemiological vigilance samples from patients who
reported to the public medical treatment facilities during the period from 23 September 2019 to 28 February 2020
complaining of measles symptoms. In Angola, the first SARS-CoV-2 infections (two first confirmed cases) were
detected at the Instituto Nacional de Investigação em Saúde (National Institute for Health Research)7 and reported by
the Angolan Health Minister on 21 March 2020. SARS-CoV-2 rapidly spread after introduction into low-resourced
population areas due to the lack of hygienic and personal protection measures, resulting in significant morbidity and
mortality cases that may lead to the increased burden on country health care systems8 and crumble the economy. On
February 14, 2020, the Egyptian Ministry of Health confirmed that a 33-year-old man, of foreign origin, was diagnosed
with SARS-CoV-2; this is the first case from Africa. The second day occurred on the February 25, 2020, when the
Ministry of Health, Population and Hospital Reform of Algeria has reported the country’s first case of COVID-19. On
March 5, 2020, the South African National Institute for Communicable Diseases reported that a suspected 38-year-old
man who travelled to Italy has tested COVID-19 positive. This made South Africa the First Southern African country to
report COVID-19. Since then, South Africa has become the leading country with regard to COVID-19 cases. While
other continents have reported a dramatic number of COVID-19 cases or found evidence of early circulating SARS-
CoV-2 earlier than had initially been reported,9–11 until February 14, 2020, Africa was still reporting imported cases of
COVID-19. Early detection of new infections is crucial in the control of emerging disease. With regard to the COVID-
19 pandemic, retrospective serological testing has shown to increase results obtained from testing archived by
respiratory specimens with molecular methods, when trying to identify the insurgence of SARS-CoV-2 into
a population. Serological testing is now widely used to detect viruses, including for HIV,12 and it can estimate the
introduction of viral infections into populations.6 Blood sample specimens from measles patients from all provinces,
except Lunda Sul’s Province were sent to the National Institute for Health Research in Luanda, Angola, starting from
23 September 2019 to 28 February 2020, with a purpose of measles epidemiological vigilance analysis. We then,
retrospectively tested these samples for SARS-CoV-2-reactive antibodies. In this report, we aimed to investigate the
time of SARS-CoV-2 infection circulation in Angola, by retrospectively analyzing antibodies in the sera of measles
patients who were referred to the National Institute for Health Research as part of epidemiological surveillance of
neglected diseases.

Methods
Study Oversight
The Angolan Ministry of Health has adopted the epidemiological surveillance strategy that requires all suspected cases
with emerging diseases to be confirmed at the National Institute for Health Research and has given this institute the
mandate to further investigate any case of interest. During the period of 23 September 2019 to 28 February 2020, a total
of 568 full blood samples, presumably for measles disease from all provinces of Angola (except one province that did not
report the epidemiological surveillance case), were sent to the National Institute for Health Research for diagnostic
confirmation.

Briefly, a volume of 4 mL of full blood was collected from these patients and sent to the National Institute for Health
Research, accompanied by the medical report form. At the arrival, new Laboratory numbers were assigned for each
sample and anthropometric and sociodemographic information were recorded. Full blood samples were centrifuged, sera
were collected and stored at −40 °C in the freezer, and stored sera were referred to as measles national database of the
measles epidemiological notification samples. Thus, our study samples were taken from the stored national database of
the measles epidemiological notification samples used for epidemiological surveillance between September 2019 to
February 2020. Prior to blood collection, children’s parents or adult patients were informed about the nature of the
analysis that will be performed on their samples and agreed after the informed consent process was explained to them at
their respective public health treatment facilities.
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For this retrospective serologic study, a total of 442 sera samples that met the criteria of the study were withdrawn and
selected from the overall 568 received samples. We recorded the date of specimen collection and arrival of samples,
province of residence, and socio-demographic characteristics of study participants of those who met our definition of
seropositive using the sequential testing algorithm. Sera were extracted and stored at −40°C until use. A total of 126
participants were not included in this study, because of incomplete information or samples with the formation of fibrin
with micro-clots that were visible to the naked eyes, since the presence of fibrin can lead to erroneous results. We
withdrew frozen serum specimens from our measles biorepository and prepared for serologic testing, starting with
specimens collected in approximately 6 months intervals from 23 September 2020, moving backward in time until there
were no positive specimens yet reported in the country. The sensitivity, specificity, and Clopper–Pearson exact binomial
95% confidence intervals (CIs) were estimated for VIDAS® SARS-COV-2 IgG and IgM ELISA, using blinded positive
control specimens from individuals who were hospitalized or discharged and convalescing with molecular test real time-
polymerase chain reaction (RT-PCR), confirming SARS-CoV-2 infection. Our negative control specimens came from
previously stored blood donors who reported at the Instituto Nacional de Sangue, in Luanda Angola.

We used the reference database provided by SGVFinder, which is based on the proGenomes database (http://
progenomes1.embl.de/).

To test the cross-reactivity and competition of antibody class specificity between IgM and IgG we used the instrument
Biomérieux VIDAS®. We proceeded with the cross-reaction by analyzing five negative samples in duplicate, thereafter
were spiked with 10 μg/mL of a recombinant human monoclonal IgG (rec Hu mAb IgG) anti-SARS-CoV-2 and tested
again in duplicate. All IgG spiked samples showed negative results with the VIDAS® SARS-CoV-2-IgM test. For the
competition test, also five IgM-positive samples with various levels of index values were tested in duplicate, then were
spiked with 10 μg/mL of rec Hu mAb IgG anti-SARS-CoV-2 and were tested in duplicate. For both negative and positive
sets of samples, an agreement of 100% was obtained between control and spiked samples, as described by manufacturer’s
protocol (www.biomerieux.com/techlib). This study was conducted in accordance with the declaration of Helsinki.

Antibody Assays
The testing was performed in the immunoserology Laboratory of the National Institute for Health Research, because of the
COVID-19 contingency plan implemented and the re-structuration of the Laboratory at our Institute, testing of study samples
began in April 2021 and continued through July 2021.We used the BiomérieuxVIDAS® SARS-COV-2 IgG and IgM enzyme-
linked immunosorbent assay (ELISA), and results were analyzed as they were completed. SARS-CoV-2-specific antibodies
were purchased from Biomerieux, and quantified using manufacturer instruction. Briefly, an ELISA assay (data collected with
the Multiskan Spectrum; Thermo Scientific, USA), using as target antigens the extracellular domain of the spike protein in the
form of a trimer (ELISA tri-S), and the S-Flow assay, which is based on the recognition of SARS-CoV-2 spike protein
expressed on the surface of 293T cells (293T-S), were used to quantify SARS-CoV-2-antibody IgG and IgM in sera.

Enzyme-Linked Immunosorbent Assay
The ELISA protocol was adapted from the previously reported method by Thompson.13 Briefly, the concentration of the
coated rNPs and sera dilutions for ELISAwere optimized using chessboard titration tests. To determine the cutoff values
for the ELISAs, the values of the mean of the standard error of the mean (SEM) of sera from healthy individuals were
determined. The optimal coating concentration of antigen and optimal plasma dilutions were 0.1 μg/mL and 1:200,
respectively. The cutoff values were determined by calculating the mean absorbance at 450 nm (A450) of the negative
sera plus threefold the SEM values, which were 0.5 and 0.99 for IgG and IgM, respectively. Samples were analyzed using
an ELISA plate reader, Thermo Scientific, Massachusetts, United States.

Statistical Analysis
A descriptive analysis to stratify reactive individuals’ geographic area of residence, age, sex, vaccination status
(vaccinated and unvaccinated), date of collection, and the arrival of samples was performed. All statistical analyses
were performed using IBM-SPSS version 25 statistics, USA, except for the t-test comparison of the unvaccinated and
vaccinated measles groups, which we performed using GraphPad Prism, version 9.2.0, San Diego, CA, USA. P-values
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were determined by an unpaired t-test, and data were reported as SEM, being considered significant where the P-value
was ≤0.05. Additional statistical analyses to extrapolate findings to a broader population or ascertain statistical
significance were not performed.

Ethical Considerations
Children’s parents and adult patients agreed to the procedure after the informed consent was explained to them prior to
blood collection at their respective healthcare facilities. Prior to the commencement of the study, a formal ethics
application that included copies of initial consent was submitted to the National Institute for Health Research ethics’
committee to request authorization for the use of these samples. The study was approved by the research ethics
committee of the National Institute for Health Research (Ref. No. 16/CE/2021).

Results
Patient Characteristics
A total of 442 participants met the eligibility criteria (Table 1). The median age was 5.5 years; 52% of the participants
were female, and 48% were male sex at birth (Table 1). Stored samples were from participants living in 17 provinces.
The largest number of participants were from Luanda (37.1%), following by Huambo (14.0%), Uíge (10.9%), Cuanza Sul
(7.9%), Cuando Cubango (6.3%), Cuanza Norte (5%), Bengo (3.6%), Malanje (3.2%), Huíla (9%), Cunene (2.0%), Bié
(1.8%), Zaire (1.8%), Moxico (1.6%), Benguela (1.1%), Cabinda (0.9%), Lunda Norte (0.5%), Namibe (0.2%), and
Lunda Sul (0%) (Table 1).

Table 1 Sociodemographic Characteristics of Unvaccinated and
Vaccinated Participants with Blood Specimens Collected from
September 2019 to March 2020 and Available for Serologic Testing

Characteristic Participants (n = 442),
n (%)

Age median [(IQR), year] 5.5 (0.3–45)

Sex

Female 230 (52)

Male 212 (48)

Geographic area of residence in Angola

Bengo 16 (3.6)

Benguela 5 (1.1)

Bié 8 (1.8)

Cabinda 4(0.9)

Cuando Cubango 28 (6.3)

Cuanza Norte 22 (5)

Cuanza Sul 35 (7.9)

Cunene 9 (2.0)

Huambo 62 (14.0)

Huíla 9 (2.0)

(Continued)
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Validation of VIDAS® SARS-CoV-2 Test to Ensure Reproducibility
To validate the test used in this study, our laboratory’s negative and positive controls were used. The estimated
sensitivities of the VIDAS® SARS-CoV-2 IgG and IgM for the serological diagnostic were assayed and reported as
97.5% (39 of 40 [95% CI: 88.4–99.8%]) and 95.0% (38 of 40 [95% CI: 87.5%–99.1%]), respectively. Whereas the
specificities for IgG and IgM were 100% (40 of 40 [95% CI: 98.9%–100%]) and 97.5% (39 of 40 [95% CI: 97.0%–
99.6%]), respectively (Suppl. Table 1). The prevalence of the disease in the population was determined using the positive
predictive value (PPV) and negative predictive value (NPV) on the VIDAS® SARS-CoV-2 IgG and IgM, and the
calculation was done with the assumption of 5% prevalence. PPV and NPV were computed using results obtained from
≥7 days post symptoms onset. The IgG’s PPV and NPV were 100% and 99.3% [95% CI: 98.8–99.6], respectively. While
the IgM’s PPV and NPV were 92.5% [95% CI: 63.4%–98.9%] and 99.5% [95% CI: 99.0–99.7], respectively (Suppl.
Table 2). All taken together, our data clearly suggest a low probability of false positives.

Detection of Antibodies Against SARS-CoV-2
Of the 442 participants who met our study criteria, 204 were seropositive for measles illness, and 40 patients were
reactive for SARS-CoV-2, with the age ranging from 3 months to 38 years; and were considered reactive positives. The
characteristics of measles patients with SARS-CoV-2-seropositive are shown in Table 2. These are patients that
antibodies were close to the threshold of positivity (>1). The majority of these patients were children, accounting
N=24 for females, and N=16 for males (Table 2). With regard to the humoral response analysis, there was a significant
difference (p=0.01) between the IgG and IgM indexes in the unvaccinated measles patients. Similarly, a significant
difference (p= 0.001) was also seen between the IgG and IgM indexes in the vaccinated measles patients (Figure 1).

Symptoms Associated with Measles Disease
Next, we assessed symptoms related to measles in the 40 seropositive SARS-CoV-2 patients. We observed that all 40
reactive positive SARS-CoV-2 patients were experiencing fever, which accounted for 5% of the adults and 95% of the
children. Symptom of the runny nose was 3.03% for adults and 96.97% for children group. Among the 40 reactive
positive SARS-CoV-2 patients, 20.59% of the adults and 79.41% of the children showed symptoms of cough. Rash was
observed in 5.41% of the adults, and 94.59% of the children. The clinical sign of conjunctivitis was seen in 22.58% of the
adults and 77.42% of the children, pneumonia’s clinical sign was observed in 44.44% of the adults and 55.56% of the
children. While all patients (100%) presented with otitis, and the clinical sign of diarrhea was seen in adults (50%) and
children (50%) (Table 3). At least all patients reported one or more measles symptoms of the disease. The main features

Table 1 (Continued).

Characteristic Participants (n = 442),
n (%)

Luanda 164 (37.1)

Lunda Norte 2 (0.5)

Lunda Sul 0 (0.0)

Malanje 14 (3.2)

Moxico 7 (1.6)

Namibe 1 (0.2)

Uíge 48 (10.9)

Zaire 8 (1.8)
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Table 2 Characteristics of Measles Patients with SARS-CoV-2-Seropositive Specimens

SARS-CoV-2 Antibodies

Participant Age (Years) Sex at birth IgG IgM Possible Risk Factors

0–1 year

1 0.3 Female 0.27 1.33 Not determined

2 0.4 Female 0.74 1.17 Not determined

3 0.6 Female 2.02 0.25 Not determined

4 1 Female 1.6 0.41 Not determined

5 1 Male 1.39 0.60 Not determined

6 1 Male 1.79 0.37 Not determined

7 1 Female 1.18 0.37 Not determined

8 1 Male 2.36 0.61 Not determined

9 1 Female 1.16 0.30 Not determined

10 1 Male 0.13 1.21 Not determined

11 1 Male 0.13 1.21 Not determined

12 1 Male 1.8 0.00 Not determined

13 1 Female 1.13 0.41 Not determined

14 1 Male 1.21 0.10 Not determined

15 1 Male 0.10 1.45 Not determined

> 1–5 years

16 1.8 Female 1.5 0.50 Not determined

17 3 Female 0.27 2.28 Not determined

18 4 Male 0.29 4.31 Not determined

19 4 Female 0.51 4.63 Not determined

20 4 Female 1.29 0.58 Not determined

21 4 Female 1.03 0.00 Not determined

22 4 Female 1.92 0.68 Not determined

23 5 Female 1.36 0.27 Not determined

24 5 Male 1.36 0.22 Not determined

25 5 Male 1.60 0.18 Not determined

>5–10 years

26 6 Male 1.33 0.16 Not determined

27 9 Male 1.39 0.00 Not determined

28 9 Female 0.34 1.41 Not determined

29 9 Female 2.61 0.11 Not determined

(Continued)
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of the clinical signs of SARS-CoV-2-positive patients are described in Table 3. Among the 40 subjects confirmed positive
by the ELISA assay, no particular risk factor or recent international travel history seemed to be attributed to these
patients. All patients were believed to have measles within a reasonable time frame (1–2 weeks) after specimen
collection, which was done from September 2019.

SARS-CoV-2 Seropositive Antibodies in Relation to the Time of Sampling
We examined whether the cases of reactive positive SARS-CoV-2 patients increased with time to the first reported RT-
PCR-confirmed SARS-CoV-2 case in the country. We found a constant increase of cases (N=6 for each month) after the

Table 2 (Continued).

SARS-CoV-2 Antibodies

Participant Age (Years) Sex at birth IgG IgM Possible Risk Factors

30 9 Female 1.70 0.29 Not determined

31 10 Female 1.43 0.40 Not determined

>10–15 years

32 11 Female 0.81 1.43 Not determined

33 13 Female 1.57 0.40 Not determined

34 14 Male 0.16 1.35 Not determined

35 15 Female 0.29 1.46

36 15 Male 1.56 0.11 Not determined

37 15 Male 1.56 0.11 Not determined

38 15 Male 1.56 0.11 Not determined

>15 years

39 18 Female 1.17 0.06 Not determined

40 38 Female 1.25 0.77 Not determined

Figure 1 Test value index between IgG and IgM in the unvaccinated (A) and vaccinated (B) measles patients. Data were reported as standard error of the means. Cut-off
value 1. **P value 0.01 and ***P value 0.001. Dash line indicates cut-off value= 1.
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first month of the initial sampling time (Figure 2). Compared to the initial sampling month, the number of reactive
positive SARS-CoV-2 cases doubled (N=8 in January, and N=9 in February) during the last 2 months of sampling prior to
the officially reported first case of SARS-CoV-2 in Angola (Figure 2).

Sex-Dependent Pattern Against Anti-SARS-CoV-2 IgG and IgM Antibodies
Furthermore, we compared the IgG and IgM reactiveness to SARS-CoV-2 in both males and females, we found that
N=27 (67.5%) had IgG+, which accounted for N=12 (44.4%) of males and N=15 (55.6%) of females. Whereas N=13
(32.5%) patients had IgM+, which accounted N=5 (38.5%) for males and N=8 (61.5%) for female. Among the N= 27
patients that produced IgG antibodies against SARS-CoV-2, N= 12 (44.4%) were male and N=15 (55.6%) were female

Figure 2 Time-dependent SARS-CoV-2 seropositive antibodies in measles patients, data are presented as number of cases for each sampling month.

Table 3 Clinical Signs and Symptoms of Disease in All Measles Seropositive Patients and Measles Adults and Children with SARS-CoV-2
Seropositive Blood Specimens

Symptoms Fever Runny nose Cough Rash Conjunctivitis Pneumonia Otitis Diarrhea

All,N=204(%) 40 (19.60%) 33(16.17%) 34(16.67%) 37(18.14%) 31(15.20%) 9(4.41%) 4(1.96%) 8(3.92%)

Measles and SARS-CoV-2-seropositive patients (N= 40)

Adult 2(5%) 1(3.03%) 7(20.59%) 2(5.41%) 7(22.58%) 4(44.44%) 0(0.00%) 4(50%)

Children 38(95%) 32 (96.97%) 27(79.41%) 35(94.59%) 24(77.42%) 5(55.56%) 4(100%) 4(50%)
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(Table 4). In another hand, N=13 (32.5%) patients produced IgM antibodies directed to SARS-CoV-2, which accounted
for N=5 (38.5%) for males and N=8 (61.5%) for females. Among the IgG-positive patients, N=9 patients tested IgM-
measles virus-positive which accounted for 33.3% of the males and 66.7% of the females, suggesting that the measles
patients were in contact with SARS-CoV-2 (Table 4). To ascertain whether measles patients had SARS-CoV-2 coinfec-
tion, we examined the IgM reactive antibodies to SARS-CoV-2 in the measles virus-positive patients (N=10), data show
that 30% of male and 70% of the female patients with IgM-measles positive had IgM-SARS-CoV-2 seropositive
(Table 4), suggesting that these measles patients also had COVID-19.

Discussion
This retrospective study on blood specimens from measles patients collected from 23 September 2019 to
28 February 2020, reported from the 17 provinces of Angola, suggests evidence of SARS-CoV-2 infection months
before detection of the virus in Luanda, the epicenter of SARS-CoV-2 infection in Angola. Our findings demonstrate that
SARS-CoV-2-reactive antibodies were detected in 40 out of 442 specimens, as early as September 23, 2019. Serological
detection of IgG and IgM antibodies indicates that the virus that causes COVID-19, may have appeared in Angola earlier
than we previously thought. A small portion of the population as indicated from our data may have pre-existing
antibodies that bind the SARS-CoV-2 Spike protein, a protein on SARS-CoV-2 that interacts with the human angiotensin-
converting enzyme 2 (ACE2) receptor to gain entry into a cell to initiate infection.14–16 Similarly, IgG and IgM
antibodies to SARS-CoV-2 were detected among patients reporting for measles disease as early as September 2019, in
all Angolan provinces, except the province of Lunda Sul. In Angola, the first two SARS-CoV-2 detected were imported
positive cases that had traveling history, returning from Portugal.

As the pandemic of COVID-19 has evolved, several tests and techniques for the detection of SARS-CoV-2 have
evolved and become available to determine whether an individual may have been in contact with the virus or have an
active infection. Previous studies have demonstrated that the median time from IgG antibody reactive to SARS-CoV-2
infection is 14 days.17,18 This probably suggests that patients who tested seropositive in our study could have been
infected with SARS-CoV-2 weeks earlier. This is possible because of the lack of infrastructure and poor epidemiological
vigilance in low-income setting countries. Angola started to perform for the first time, the RT-PCR analysis for SARS-
CoV-2 testing only in March 2020.

Although the WHO has created mechanisms to sustain the epidemiological surveillance in the low-income setting
countries, these countries should have a plan that design strategies for preventing diseases and planning options that
contribute to improving the health of the population.

Our finding is the first evidence identifying an early circulation of SARS-CoV-2 in Angola before the first COVID-19
cases were described in China. To the best of our knowledge, this is also the first report from Africa that shows antibody

Table 4 Humoral Responses to SARS-CoV-2 and Coinfection with Measles Virus in Male and Female Blood
Specimens

SARS-CoV-2 Antibodies

Overall (N= 40) IgG+ IgM+

N (%) 27 (67.5) 13 (32.5)

Sex Male Female Male Female

12 (44.4%) 15 (55.6%) 5 (38.5%) 8 (61.5%)

Coinfection (N=19)

IgG-SARS-CoV-2 reactive in
IgM-Measles virus-positive

samples (N= 9)

IgM-SARS-CoV-2 reactive in
IgM-Measles virus-positive

samples (N= 10)

Sex 3 (33.3%) 6 (66.7%) 3 (30.0%) 7 (70.0%)
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evidence of SARS-CoV-2 infection that occurred months before the first confirmed cases. The Angolan Ministry of
Health’s first report of community transmission of SARS-CoV-2 (those confirmed infections in persons without a travel
history) did not occur until 15 July 2020.19 Factors that may influence the low spread of SARS-CoV-2 include socio-
cultural factors, geodemographic and climatic factors.20 Many retrospective studies from developed countries have
reported the evidence of SARS-CoV-2 spreading nationwide and tested in biological fluid samples,5,6,21,22 environment
samples10,23 and in skin cells24 of individuals weeks before the record date.

It is noteworthy that among the 442 individuals reported for measles cases, 40 individuals were seropositive to SARS-CoV-2,
distributed in almost all provinces of Angola, except the province of Lunda Sul; with themajority being children (95%). Evidence
from the early phases of the outbreak demonstrated that SARS-CoV-2 pathogenesis in adults varies with age and gender, since
older individuals with comorbidities such as cardiovascular disease or diabetes were shown to be at higher risk for developing
severe illness from COVID-19.18,25,26 Studies by Cruz & Zeichner and Dong et al using infants and preschool-aged children
demonstrated that this at-risk population might be more susceptible to SARS-CoV-2 infection than older children.27,28 In
contrast, children’s pathology is less severe and has a better prognosis after contracting SARS-CoV-2 infection.29 Therefore, the
significant percentage of SARS-CoV-2-seropositive observed in children could serve as a reservoir of the virus. The reason being
that this population group has lowmorbidity andmortality, and they have also been reported for having fewer underlyingmedical
conditions and healthier respiratory tracts because of less exposure to air pollution, cigarette smoke, finally showing a stronger
innate immunity.30 In other studies, investigators have found that SARS-CoV-2 infections in children occur in the upper rather
than the lower respiratory tract, the typical site of severe COVID-19 disease, where ACE2 receptors aremore abundant,27 and the
production of IgG is prominent.31

There is a belief among the health professionals that only a single virus that can cause clinical syndrome,32

COVID-19 pandemic, should therefore be one of the cases where syndromes due to coinfection may exist. Stephanie
et al reported that the coinfection of SARS-CoV-2 and measles morbillivirus in a front-line health worker in Brazil.32

Next, we examined the number of patients with measles virus seropositive that had SARS-CoV-2 reactive. Overall, we
found 19 individuals with either IgG or IgM SARS-CoV-2 seropositive, which accounted for N= 9 individuals with
IgG-SARS-CoV-2 reactive in IgM-measles virus-positive samples, among who were 33.3% were male and 66.7%
female. Also, we found N=10 individuals with IgM-SARS-CoV-2 reactive in IgM-measles virus-positive, which
accounted for 30.0% male and 70.0% female, indicating that measles coinfected patients had COVID-19; the latter
may exacerbate the emergence of measles.33 Although symptoms of measles are atypical to COVID-19, proper control
and prevention of both measles and COVID-19 require sustained and robust routine immunization programs.

Our data demonstrated that both unvaccinated and vaccinated individuals tested for SARS-CoV-2 seropositive (Figure 1).
The differences observed between the IgG and IgM indexes indicate that the IgM antibody response to SARS-CoV-2 occurred
earlier and peaked earlier than the IgG antibody response in both unvaccinated and vaccinated patients; also suggest that the
measles vaccine does not produce protection against SARS-CoV-2. Some of the factors that may influence the lack of early
detection of the SARS-CoV-2 are lack of testing capacity especially in low-income setting countries, and poor epidemiological
surveillance. Results from this study and those from others5,6,10,21,23,24 should highlight the need for the countries to strengthen
health surveillance approaches.

This study has strength as it includes national data (almost all the provinces of Angola), which provides the
opportunity to investigate a critical infection time of SARS-CoV-2, that will enable to expand the understanding of
the epidemiology of SARS-CoV-2 in Africa in particular, and the world in general, in a longitudinal study with large-
scale population. The small increase in cases observed for SARS-CoV-2-seropositive in relation to the time of sampling
may be due to the fact that children and adolescents are reservoirs for viral infection and have a more diverse antibody
repertoire that may confer some protection against SARS-CoV-2; however, view from other studies differs.34,35

Nevertheless, our study has some limitations. First, our participants were not confirmed to be infected with SARS-CoV-2 via
RT-PCR, GeneXpert, or paired acute-convalescent serum specimens’ tests. Second, we did not include potentially asymptomatic
individuals and those with subclinical illness who do not seek or were unable to reach the health facilities. Third, it is possible that
we have detected preexisting, non-SARS coronavirus antibodies that bind to SARS-CoV-2 nucleocapsid and spike protein in
these 40 individuals, which may render these individuals false-positive,4,28,36 since measles virus and SARS-CoV-2 have an
evolutionary connection, as they share homologous core proteins.37 Cross-reactivity may have occurred in this serological test,
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and it is a situation inwhich a particular antibody reacts to a substance other than its corresponding antigen.30,37 To ascertain these
phenomena in the VIDAS® SARS-CoV-2 IgG and IgM tests, we analyzed our previously confirmed control-positive samples for
measles virus (N= 5), mumps virus (N= 4), and rubella virus (N= 4) including HIV (N=10) for SARS-CoV-2 IgG and IgM
antibodies; none of the samples from these groups were SARS-CoV-2 seropositive (data not shown). This provided further
supporting evidence that it is unlikely that all 40 SARS-CoV-2 seropositive individuals were false-positives, as also demonstrated
in the sensitivity and specificity data (Suppl. Table 1). Our results are in agreement with those10,38 that used antibodies testing to
detect the early circulation of SARS-CoV-2, demonstrating the importance of anti-SARS-CoV-2 antibodies testing in the control
and surveillance of infection. Therefore, preventative strategies are crucial to minimizing the development and spread of
infections.

Conclusion
Our study reports the first evidence of early circulating SARS-CoV-2 in Angola weeks before the first reported cases of
SARS-CoV-2 infection and highlights the importance of implementing sustainable public health surveillance testing
strategies in diverse retrospective cohort population studies that can enable to timely inform the entrance of SARS-CoV-2.
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