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After an initial wave of coronavirus disease 2019 (COVID-
19) in Haiti in summer 2020 (primarily lineage B.1), seropos-
itivity for anti-severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) immunoglobulin G (IgG) was ~40%. Variant 
P.1 (gamma) was introduced in February 2021, with an initially 
limited introduction followed by exponential local dissemina-
tion within this unvaccinated population with prior exposure 
to earlier SARS-CoV-2 lineages.  

Haiti, the poorest country in the Western Hemisphere, is cur-
rently in the midst of a political crisis, overlaid with a humani-
tarian crisis compounded by spiking coronavirus disease 2019 
(COVID-19) case numbers.

COVID-19 was first reported in Haiti on 19 March 2020. 
The government responded by stopping commercial pas-
senger flights, mandating a 14-day quarantine for visitors, 
banning public gatherings, closing schools and factories, 
and asking people to wear masks. Despite these interven-
tions, case numbers rose rapidly, peaking in early June 
(“first wave,” Figure 1A). In polymerase chain reaction 

(PCR)-based testing done by the laboratory of the GHESKIO 
Centers in collaboration with the Haitian Ministere de la 
Sante Publique et de la Population, 62% of 1814 clinical na-
sopharyngeal samples tested in May were positive for severe 
acute respiratory syndrome (SARS-CoV-2), reflecting the in-
tensity of this initial epidemic. Based on these observations, 
and with an awareness of local conditions and the limitations 
in health infrastructure in Haiti, there were major concerns 
that hospitalization rates and deaths would rapidly increase, 
with potentially disastrous public health outcomes [1].

The expected major impact on public health did not occur, 
with the number of reported cases dropping in July 2020, and 
new cases and deaths declining to very low levels through the 
end of 2020 [2]. Nonpharmacologic interventions that had been 
put in place at the beginning of the outbreak were lifted or gen-
erally ignored. Although peak case numbers reported in June 
2020 were still lower than might be expected with respect to the 
country’s population (approximately 11 million), testing cap-
abilities for SARS-CoV-2 were known to be extremely limited, 
leading to an assumption that actual case numbers were sub-
stantially higher than reflected by official case counts; it was also 
believed that high levels of seropositivity in the general popu-
lation were playing a role in keeping the disease in check. To 
obtain a more accurate estimate of infection rates in this time 
period, GHESKIO conducted serologic studies among groups 
of asymptomatic individuals between 5 August 2020 and 12 
January 2021; these and subsequent studies were approved, as 
appropriate, by ethical committees in Haiti and at the University 
of Florida. Studies were conducted by using the COVID-Presto 
lateral flow immunochromatographic assay manufactured by 
AAZ (Boulogne-Billancourt, France). The manufacturer re-
ports 100% sensitivity and specificity for IgG (by 16 days after 
onset of infection) for this assay in its package insert; in in-
dependent testing of IgG sensitivity and specificity were both 
reported to be 92% [3]. Of 4550 persons tested by GHESKIO, 
1783 (39%) had IgG directed against SARS-CoV-2. The group 
tested included 236 persons who had a PCR-confirmed history 
of infection with SARS-CoV-2 dating back 3–6  months; only 
132 (56%) of this group were seropositive when the serologic 
testing was done.

In January 2021, there was again an increase in reported case 
numbers (“second wave,” Figure 1A) followed by a decline in 
February, with periods in March and April 2021 when no new 
cases were officially reported. Case numbers started rising in 
the latter part of April, with major peaks (“third wave,” Figure 
1A) occurring in June and July, accompanied by anecdotal re-
ports of increasing hospitalizations and deaths, particularly 
among persons with higher socioeconomic status.
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To assess factors driving the changing patterns of infec-
tions in Haiti, we analyzed 116 nasopharyngeal samples col-
lected by GHESKIO between May 2020 and May 2021 and 

identified by reverse transcriptase PCR as being SARS-CoV-2 
positive; samples were collected from persons with clinical syn-
dromes ranging from mildly symptomatic to severe, including 

Figure 1.  Distribution of Haitian SARS-CoV-2 lineages, reported cases and deaths over time, and phylogeography of SARS-CoV-2 in Haiti. A, Counts of reported cases (×10) 
and deaths by WHO (https://covid19.who.int/) are shown in blue and red, respectively. B, Distribution of SARS-CoV-2 pango-lineages circulating in Haiti through time and 
colored according to the legend. Other lineages are defined as present within < 2% of the total sample population. C, Maximum likelihood ancestral state reconstruction of 
the origin of the COVID-19 epidemic in Haiti performed with TreeTime using genomes from Haiti and other countries linked to Haiti sequences via genetic similarity. Branch 
lengths are scaled in time by molecular clock calibration and colored according to origin as in the legend. Dots at nodes are colored based on the ancestry; dots circled in black 
or red indicate ≥ 90% or ≥ 70% (only the case of P.1 Haitian clade) statistical bootstrap support for the clade. B.1 and P.1 Haitian clades are shown. COVID-19, coronavirus 
disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization.
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5 patients who died. From these samples, we successfully 
obtained nearly full genome viral sequence data for 97 strains 
(details in Supplementary Material). A data set of all 140 SARS-
CoV-2 genomes currently available from Haitian patients (97 
generated in this study plus 43 currently listed on GISAID) 
was assembled and analyzed with Phylogenetic Assignment 
of Named Global Outbreak Lineages to assess viral variants. 
Twelve lineages were identified (Table 1; Figure 1B), with the 
B.1 variant appearing to be the predominant one during the 
first 2 epidemic waves between March 2020 and February 2021. 
The increase in case numbers in January 2021 (second wave) 
also corresponded with the appearance of lineage B.1.575, 
which has subsequently disappeared, and the variant of con-
cern (VOC) alpha (B.1.1.7). Viral demographic dynamics of the 
first 2 waves mirror the virus Bayesian skyline plots (Figure S1) 
inferred from phylodynamic analysis of full genome sequences 
(see Supplementary Material), showing an initial increase in 
virus diversity followed by a plateau (first and second wave), 
or eventual decline (second wave). In February 2021, the first 
VOC gamma (P.1) sequence was identified from a Haitian pa-
tient, with gamma strains responsible for virtually all infections 
within the third, currently ongoing, epidemic wave. The ge-
nealogy of gamma strains from Haiti clearly shows a star-like 
topology, typical of an epidemic outburst, also confirmed by 
the strong level of star-like signal in the sequence data (Figure 
S1C). Haitian gamma strains are characterized by low genetic 
diversity (2.3e-4, Standard Error = 2.8e-5 with no evidence of 
protein mutations specific to the Haitian P.1 strains) and appear 
to have emerged in a short timeframe that is compatible with 
sudden exponential growth, possibly because of limited intro-
duction followed by 1 or more super spreading events.

The single/limited introduction scenario in Haiti of gamma 
strains was also confirmed by phylogenetic analysis, in which 
Haitian sequences were combined with the international closest 
genomes identified by BLAST from the same database as in Rife-
Magalis et  al [4] (see Supplementary Material for methods). 

As expected, based on the presence of multiple variants, 
phylogeographic inference corroborated a parapyletic ancestry 
of the Haitian epidemic with at least 9 independent introduc-
tions from several sources of B.1, B.1.1, B.1.478, B.1.575, alpha 
(B.1.1.7), and finally gamma (P.1) variants (Figure 1C, Figure 
S2). Within the larger monophyletic gamma clade, the majority 
of the isolates from Haiti formed a supported (70% bootstrap) 
monophyletic subclade with a most recent common ancestor 
in March 2021. At the base of this clade, the closest paraphy-
letic isolates were gamma strains from Florida and California, 
which would suggest initial introduction from the United 
States. However, alternative routes cannot be excluded, given 
that Brazilian, European, and the Dominican Republic iso-
lates were also found to cluster with Haiti isolates (Haiti2-39 
and Haiti3-20) collected in February and May 2021 (Figure 1C, 
Figure S3). Overall, although phylogeny inference uncertainty 
precludes firm conclusions about the origin of gamma strains’ 
introduction in Haiti, support for the monophyletic clade in-
cluding most of the Haitian sequences clearly indicate an ini-
tially limited introduction followed by local dissemination.

COMMENT

The P.1 lineage originated in the Amazonas region of Brazil in 
late 2020 and was responsible for a major outbreak in Manaus 
[5]. Before the outbreak, a modeling study based on data from 
blood donors suggested that 76% of the population in Manaus 
had been infected with SARS-CoV-2 by October 2020, con-
sistent with development of “herd immunity” [6]. The factors 
driving the subsequent occurrence of the Manaus outbreak in 
this setting remain controversial: although the gamma variant 
is a VOC known to have substantially increased infectivity, the 
original estimates of population seropositivity may have been 
inappropriately high, and there is known to have been a decrease 
in implementation of and adherence to nonpharmacologic 
interventions (including social distancing) preceding the epi-
demic spike [5]. However, there are also recent data from Brazil 
indicating that plasma from individuals previously infected with 
SARS-CoV-2 had an 8.6 times lower viral neutralizing capacity 
against a P.1 isolate than against a lineage B isolate, suggesting 
that the P.1 variant can escape neutralization by antibodies gen-
erated in response to polyclonal stimulation against previously 
circulating lineages of SARS-CoV-2 [7].

In Haiti, we again observed a relatively high “baseline” se-
ropositivity rate (presumably associated with infection by B.1 
strains in the first wave of illness) before introduction of the 
gamma variant. We also found that close to one-half of people 
with reverse transcriptase PCR-documented SARS-CoV-2 in-
fections no longer had detectable IgG directed against the virus 
when screened 3–6 months later, consistent with a waning an-
tibody response over time. Although the Haitian government 
had imposed a variety of nonpharmacologic interventions at 

Table 1.  Phylogenetic Assignment of Named Global Outbreak Lineages 
Lineages of Haitian Strains

Lineage No. of Haitian Isolates

B.1 70

B.1.1 6

B.1.1.7 4

B.1.126 3

B.1.2 1

B.1.220 1

B.1.429 1

B.1.478 10

B.1.575 6

P.1 34

P.1.1 1

P.4 3
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the time the virus was first recognized, these interventions had 
been lifted and/or were generally ignored by the fall of 2020 and 
thereafter, making it unlikely that changes in these interventions 
influenced the appearance of wave 3 of illness triggered by the 
gamma variant. Susceptibility would also have been influenced 
by the lack of vaccination within the population. The Haitian 
Ministere de la Sante Publique et de la Population has held dis-
cussions with COVID-19 Vaccines Global Access and World 
Health Organization/Pan American Health Organization re-
garding acquisition of COVID vaccine, and the first vaccine 
shipment (500  000 doses of the Moderna vaccine) arrived in 
mid-July 2021. However, mass vaccination campaign roll out 
has been slow because of underlying political instability and 
ongoing gang warfare, combined with vaccine hesitancy in the 
population. Our data highlight the potential for rapid spread 
of highly infectious VOCs such as gamma within unvaccinated 
populations, despite substantial prior exposure to earlier SARS-
CoV-2 lineages. In Haiti in particular, the data also underscore 
the urgent need for aggressive education and vaccination cam-
paigns to try to contain the current epidemic spike in cases 
driven by gamma strains.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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