
Background

COVID-19, caused by the coronavirus SARS-CoV-2, had, at 
the time of research, lower mortality rates in sub-Saharan 
Africa (SSA) than the United States (U.S.) and much of the 
world. This was unexpected, given high prevalence of 
infectious diseases in SSA. One possible reason is 
increased risk of exposure to other human coronaviruses 
(HCoVs) in SSA, which may result in a cross-reactive 
immune response. It is unknown whether cross-reactive 
antibodies to SARS-CoV-2, from past infections of HCoVs, 
are present in pre-pandemic plasma samples. This study 
examined pre-pandemic samples from SSA and the U.S. to 
determine if there are these cross-reactive antibodies and 
compare their prevalence.

Conclusion

Cross-reactivity against SARS-CoV-2 has a higher prevalence in SSA than U.S., 
and majority of samples recognized the nucleocapsid proteins from HCoV-
NL63 and HCoV-229E, indicating them as the likely source for cross-reactive 
antibodies. More samples are being collected currently for analysis to 
determine how cross-reactive antibodies may affect COVID-19 in SSA.

Methods

Immunofluorescence assay (IFA) against SARS-CoV-2 
proteins was used to examine samples from SSA and the 
U.S. for cross-reactive antibodies (Figure 1). 289 pre-
pandemic plasma samples were tested against the spike 
and nucleocapsid proteins of SARS-CoV-2 (Table 1). A 
sample was considered positive if two independent 
readers came to the same conclusion about a well. 
Samples were repeated at further dilutions if wells had 
background. Samples tested positive for cross-reactivity 
were then tested against six known HCoVs by IFA to 
determine which may result in SARS-CoV-2 cross-reactive 
antibodies.
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Figure 2. Representative 
images are shown for IFA with 
negative control plasma, 
COVID-19 convalescence 
plasma (positive control), and 
pre-COVID-19 pandemic cross-
reactive plasma samples 
21928 and 21933. Sample 
21928 exhibited cross-
reactivity against SARS-CoV-2 
spike, but not its respective 
mock and SARS-CoV-2 
nucleocapsid. Sample 21933 
exhibited cross-reactivity 
against SARS-CoV-2 
nucleocapsid, but not its 
respective mock and SARS-
CoV-2 spike. White arrows 
indicate positive cells. Scale 
bar represent 50 μm.
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Figure 4. IFA against SARS, MERS, HCoV-OC43, 
HCoV-HKU-1, HCoV-NL63, and HCoV-229E spike 
or nucleocapsid expressing cells. 
Representative images are shown of IFA with 
pre-COVID-19 pandemic cross-reactive plasma 
sample 21854. Sample 21854 strongly 
recognized the spike proteins of HCoV-OC43, 
HCoV-HKU-1, HCoV-NL63, and HCoV-229E, but 
not those of SARS and MERS. Sample 21854 
only recognized the nucleocapsid of HCoV-NL63 
but not those of the other human 
coronaviruses. White arrows indicate positive 
cells. Scale bar represent 50 μm.

Figure 3. Percentage prevalence of 
serological cross-reactivity against SARS-
CoV-2 in Tanzania, Zambia, and the USA. (A) 
Combined serological cross-reactivity 
against SARS-CoV-2 spike and nucleocapsid. 
(B) Serological cross-reactivity against SARS-
CoV-2 nucleocapsid. (C) Serological cross-
reactivity against SARS-CoV-2 spike.

Figure 5. Percentage prevalence of serological 
cross-reactivity against SARS, MERS, HCoV-
OC43, HCoV-HKU-1, HCoV-NL63, and HCoV-
229E. (A) Spike. (B) Nucleocapsid.

Results

Figure 1. (Top) IFA slide layout. Each 
sample had a mock (M), spike (S), and 
nucleocapsid (N) well. Mock cells had no 
SARS-CoV-2 antigens. (Bottom) IFA 
methodology. The target antigen (S or N) 
is bind by anti-S or N antibody in the 
human plasma (1° antibody), which is 
then bind by mouse anti-human IgG (2°
antibody), followed by donkey anti-
mouse conjugated to AlexaFluor488 (3°
antibody).

Table 1. Study cohort.

IFA slide

Country Sample size HIV-1 positive (%) Sampling time 
period

Tanzania 105 7 (6.7%) March to May 2019

Zambia 99 43 (43.4%) 2017 to early 2019

USA 85 0 (0%) 2006, 2007, and 2009


