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Under ideal conditions, the efficacy of a single 
dose of measles vaccine is ≈85% when ad-

ministered to a 9-month-old child and 90%–95% 
when administered to a 12-month-old child. The 
World Health Organization recommends the vac-
cine should be given in 2 doses and at a minimum 
vaccination coverage of 95% for each country (1). 
However, despite high vaccine efficacy under trial 
conditions and the widespread use of the 2-dose 
schedule worldwide, vaccine effectiveness is lower 
and much more variable in practice (2). Indeed, it 
has been shown that responses to measles vaccines 
vary among persons and some vaccinated children 
are unable to produce the immune responses nec-
essary for protection against measles (3). The im-
mune response to measles vaccination is thought to 
be influenced by various host factors, including an-
tibodies acquired through maternal antibody trans-
fer, host-specific genetic factors, HIV infection, 
malnutrition, and other forms of immunosuppres-
sion (4). The measles vaccine failure rate is ≈10% in 

developed countries but can be >30% in resource-
limited countries (3,5).

Numerous difficulties, such as geographic inac-
cessibility of certain areas, have been cited as factors 
favoring the persistence of measles in many coun-
tries in Africa (Republic of Congo Ministry of Health 
and Population, unpub. data). Those factors could 
have a substantial effect on the ability to eliminate 
measles from the continent. The Republic of Congo 
is part of the World Health Organization’s strategic 
plan to eliminate measles in Africa and has imple-
mented a multiyear plan to fight against measles, 
mumps, and rubella as one of its strategic objectives. 
The country has introduced the combined measles/
mumps/rubella vaccine, which is administered in 
2 doses to children, 1 dose at 9 months and 1 dose 
at 15 months of age (Republic of Congo Ministry of 
Health and Population, unpub. data). Despite those 
efforts, measles continues to circulate, prompting 
multiple large-scale vaccination campaigns. Recent 
surveillance data has shown a considerable propor-
tion of measles cases among vaccinated persons. The 
detection of infection among persons assumed to be 
vaccinated could pose a challenge to the country’s 
efforts to eliminate the disease. 

We hypothesized that vaccinated persons who 
tested positive for measles were not seroconverting. 
As part of routine measles surveillance activities, we 
determined the IgG seroconversion rates of vacci-
nated persons with confirmed measles. Using ELI-
SAs, we analyzed a cohort of 191 patients who were 
IgM-positive for measles virus during 2020–2022 
and who had a history of vaccination (>1 vaccine 
dose). We determined serologic differences between 
the last vaccination date and the date of illness on-
set that were >2 months apart. The significance level 
was set at p<0.005.

The median patient age was 4 (interquartile range 
2–7) years; children <5 years of age accounted for 101 
(52.9%) patients, and that age group showed a signifi-
cant difference in IgG seroconversion rate (p<0.0001) 
(Table). For most patients, the median interval be-
tween the date of disease onset and date of last vac-
cination was 23 (interquartile range 4–53) months; 
most (n = 111 [58.1%]) patients had an interval of 2–48 
months. The overall seroconversion rate was 38.7% 
(p<0.0001). Among patients who received 1 dose of 
vaccine, only 57 (38%) seroconverted (p<0.0001), and 
we did not observe a significant difference in sero-
conversion among patients who received >2 doses 
(p = 0.1221). Among persons who received >2 doses 
of vaccine, only 41.5% seroconverted compared with 
58.5% who remained IgG negative (Table).

We report a low (38.7%; p<0.0001) level of IgG serocon-
version in patients who were positive for measles virus 
IgM in the Republic of Congo, despite a history of vac-
cination. Considering this country’s recurring measles 
epidemics, more effective immunization strategies, in-
cluding vaccine delivery methods, are needed to prevent 
measles outbreaks.
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We also estimated the effect of the interval be-
tween the date of disease onset and date of last vacci-
nation on IgG production. A longer interval increased 
the IgG production rate, although the number of 
persons who produced IgG was significantly lower 
(p<0.0001) (Table).

Our findings revealed a high number of patients 
who only received 1 dose of measles vaccine, indi-
cating a need to reinforce the booster and postvac-
cination follow-up system for vaccinated children. 
Overall, a relatively low rate of IgG seroconversion 
was observed in both single- and double-dose vac-
cine recipients. Similar results were observed in Tur-
key, where low IgG seroconversion against measles 
virus was observed in children >9 months of age (6). 
Reasons for the low number of persons who under-
went IgG seroconversion after receiving >2 vaccine 
doses remain unclear. This finding might be linked 
to problems with the cold chain system of trans-
port and storage or exposure of vaccines to light, 
because the measles vaccine is photosensitive; thus, 
inadequate training of personnel might be partially 
responsible for low seroconversion numbers (7). In 
large-scale vaccination campaigns, persons who do 
not seroconvert could be vaccine nonresponders (8). 
IgG levels have also been shown to decrease below 
the protective threshold in persons 10–14 years of 
age who received their 2 doses of vaccine at 8 and 18 
months of age (9).

In conclusion, considering the recurring measles 
epidemics in the Republic of Congo, the findings 
from this study raise many questions about the ef-
fectiveness of the country’s measles vaccination 

strategy. Effective administration of vaccines and 
immunization strategies are needed to prevent out-
breaks and might be more effective than vaccination 
campaigns that interrupt measles virus transmission 
during ongoing outbreaks.
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Since 2022, clade 2.3.4.4b highly pathogenic avian 
influenza (HPAI) viruses of the H5N1 subtype 

have caused an increasing number of outbreaks in 
mammals worldwide (1). Since spring 2024, outbreaks 
of H5N1 clade 2.3.4.4b viruses have occurred in dairy 
cows in the United States, leading to the transmission 
of the virus to dairy farm workers, likely through 
close contact with infected cows or milk (2,3). Those 
events have raised concerns that H5N1 clade 2.3.4.4b 
viruses may further adapt to humans. Indeed, some 
current mammal H5N1 clade 2.3.4.4b isolates already 
carry adaptive mutations associated with enhanced 
binding to mammalian entry receptors, increased vi-
ral polymerase activity in mammalian cells, or escape 
from the recently identified BTN3A3 restriction fac-
tor (1,2,4). However, for sustained human-to-human 
transmission, HPAI H5N1 must overcome additional 
host barriers, including human myxovirus resistance 
protein 1 (MxA). 

MxA is an interferon-induced innate immune 
protein that suppresses replication of zoonotic influ-
enza A viruses (IAVs) (5,6). Previous studies have 
demonstrated that human-adapted IAVs, such as the 
pandemic H1N1 virus A/Hamburg/4/2009 (pH1N1), 
evade MxA restriction through adaptive amino ac-
ids in the viral nucleoprotein (NP) (7). In contrast, 
MxA escape-mediating amino acids are absent in 
avian IAVs, such as the human HPAI H5N1 isolate 
A/Thailand/1(KAN-1)/2004 and the current mam-
mal H5N1 clade 2.3.4.4b isolates (Appendix Figure, 
https://wwwnc.cdc.gov/EID/article/31/1/24-1236-
App1.pdf). We used a risk assessment approach to 
investigate whether human MxA restricts zoonotic in-
fections with mammalian H5N1 clade 2.3.4.4b isolates.

We determined the antiviral activity of MxA 
against HPAI H5N1 clade 2.3.4.4b A/blue fox/
Finland/2023AI06876_071/2023 (blue fox H5N1) 
and A/white mink/Finland/2023AI08543_363/2023 
(white mink H5N1) isolated from fur farms in Finland, 
A/cat/Poland/2023AI06401/2023 isolated from a fa-
tally infected domestic cat in Poland (cat H5N1), and 
A/bovine/Texas/24–029328–01/2024 (bovine H5N1) 
isolated from a dairy cow in Texas, United States. Hu-
man pH1N1 and the prototypical H5N1 HPAI KAN-1 
isolated from a human served as controls. 1These first authors contributed equally to this article.

We show that human myxovirus resistance protein 1 
(MxA) suppresses replication of highly pathogenic avi-
an influenza A(H5N1) viruses isolated from mammals in 
vitro and in MxA-transgenic mice. However, H5N1 can 
evade MxA restriction through replacement of individual 
viral polymerase complex components from a human-
adapted MxA-resistant strain in vitro.
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