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were similar to those in an unweighted analysis 
(Table S5). Patients who were prescribed an ad-
ditional course of antibiotics and who did not 
undergo appendectomy were not counted as re-
currences because appendicitis could not be 
confirmed.

Although some clinicians and patients may 
determine that these longer-term rates of ap-
pendectomy make antibiotics a less desirable 
treatment than early appendectomy, substantial 
numbers of patients report a preference for anti-
biotics, even if appendectomy may ultimately be 
necessary.5 The present data will further inform 
shared decision making between clinicians and 
their patients with appendicitis, including those 
with an appendicolith (see videos, which are be-
ing made available with permission from the 
authors).
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Neutralization of the SARS-CoV-2 Mu Variant 
by Convalescent and Vaccine Serum

To the Editor: During the current pandemic, 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the causative agent of coronavirus 
disease 2019 (Covid-19), has diversified consid-
erably. As of September 2021, the World Health 
Organization had defined four variants of con-
cern (alpha [B.1.1.7], beta [B.1.351], gamma 
[P.1], and delta [B.1.617.2 and AY]), as well as 
five variants of interest (eta [B.1.525], iota 
[B.1.526], kappa [B.1.617.1], lambda [C.37], and 
mu [B.1.621]).1

Mu represents the most recently recognized 
variant of interest.1 As of August 30, 2021, the 
mu variant had been detected in 39 countries 
(Table S1 in the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org). 
The epicenter of mu transmission is Colombia, 
where the variant was first isolated on January 
11, 2021 (Fig. 1A and Table S2). There was a 
huge surge in Covid-19 cases in Colombia from 

March through July 2021. Although the gamma 
variant was dominant during the initial phase of 
the surge, the mu variant outnumbered all other 
variants in May, and it has driven the epidemic 
in Colombia since that time (Fig. 1A).

Newly emerging SARS-CoV-2 variants need to 
be carefully monitored for potentially increased 
transmission rate, pathogenicity, and resistance 
to immune responses. The resistance of variants 
of concern and variants of interest to serum 
obtained from persons who have recovered from 
Covid-19 and persons who have been vaccinated 
can be attributed to a variety of mutations in the 
viral spike protein.2 The majority of mu variants 
harbor the T95I and YY144-145TSN mutations in 
the N-terminal domain; the R346K, E484K, and 
N501Y mutations in the receptor-binding do-
main; and the D614G, P681H, and D950N muta-
tions in other regions of the spike protein (Ta-
bles S3 and S4). Some of these mutations are 
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commonly identified in variants of concern 
(Table S5). Of these mutations, E484K (shared by 
the beta and gamma variants) has shown the 
greatest reduction in sensitivity to antibodies 
induced by natural SARS-CoV-2 infection and 
vaccination.3,4

To assess the sensitivity of the mu variant to 

antibodies induced by SARS-CoV-2 infection 
and by vaccination, we generated pseudovirus-
es harboring the spike protein of the mu vari-
ant or the spike protein of other variants of 
concern or variants of interest. Virus neutral-
ization assays, performed with the use of se-
rum samples obtained from 13 persons who 
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had recovered from Covid-19 who were infected 
early in the pandemic (April through Septem-
ber 2020), showed that the mu variant was 10.6 
times as resistant to neutralization as the B.1 
lineage virus (parental virus), which bears the 
D614G mutation (Fig. 1B). Assays performed 
with serum samples obtained from 14 persons 
who had received the BNT162b2 vaccine showed 
that the mu variant was 9.1 as resistant as the 
parental virus (Fig. 1C). Although the beta vari-
ant (a variant of concern) was thought to be the 
most resistant variant to date,3,4 the mu variant 
was 2.0 as resistant to neutralization by conva-
lescent serum (Fig. 1B) and 1.5 times as resis-
tant to neutralization by vaccine serum as the 
beta variant (Fig. 1C). Thus, the mu variant 
shows a pronounced resistance to antibodies 
elicited by natural SARS-CoV-2 infection and by 
the BNT162b2 mRNA vaccine. Because break-
through infections are a major threat of newly 
emerging SARS-CoV-2 variants,5 we suggest 
that further characterization and monitoring of 
this variant of interest is warranted.
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Figure 1 (facing page). SARS-CoV-2 in Colombia and Characterization of the Mu Variant.

Panel A shows new cases of coronavirus disease 2019 (Covid-19) from January through August 2021 in Colombia. 
The mu variant was first isolated on January 11, 2021, in Colombia (Global Influenza Surveillance and Response 
 System accession number, EPI_ISL_1220045). The black line reflects the number of new weekly cases, and the col-
ored bars indicate the percentage of each variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
among the cases. The raw data are summarized in Table S2 in the Supplementary Appendix. Panels B and C show 
the results of virus neutralization assays. Neutralization assays were performed with the use of pseudoviruses har-
boring the SARS-CoV-2 spike proteins of the alpha, beta, gamma, delta, epsilon, lambda, or mu variants or the B.1 
lineage virus, which harbors the D614G mutation (parental virus). Serum samples were obtained from 13 persons 
who had recovered from Covid-19 (Panel B) and from 14 persons who had received the BNT162b2 vaccine (Panel C). 
The assay of each serum sample was performed in triplicate to determine the 50% neutralization titer. Each data 
point represents an individual sample (circles) and indicates the 50% neutralization titer obtained with each sample 
against the indicated pseudovirus. The heights of the bars and the numbers over the bars indicate the geometric 
mean titers, and the I bars indicate 95% confidence intervals. The numbers in parentheses indicate the average dif-
ference in neutralization resistance of the indicated variants as compared with that of the parental virus. The horizontal 
dashed lines indicate the limit of detection. The raw data and information regarding the convalescent donors (sex, 
age, severity of disease, and dates of testing and sampling) and vaccinated donors (sex, age, and dates of second 
vaccination and sampling) of serum samples are summarized in Tables S6 and S7 in the Supplementary Appendix.
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