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Microscopy of mummified visceral tissue from a Medici
family member in Italy identified a potential blood ves-
sel containing erythrocytes. Giemsa staining, atomic
force microscopy, and immunohistochemistry confirmed
Plasmodium falciparum inside those erythrocytes. Our
results indicate an ancient Mediterranean presence of P,
falciparum, which remains responsible for most malaria
deaths in Africa.

he Medici family was a powerful family from

Florence, Italy, that gained prominence under
Cosimo de’ Medici in the early 15th century (I).
Dynastic power granted Medici family members a
burial at the San Lorenzo Basilica in central Florence
(Appendix Figure 1, panel A, https://wwwnc.cdc.
gov/EID/article/29/6/23-0134-Appl.pdf). Burial
was preceded by an embalming procedure in which
inner organs (viscera) were removed and placed in
large terracotta jars (Appendix Figure 1, panel B).

In 2011, selected jars of organs from Medici fami-
ly members were opened centuries after burial to ex-
amine their contents, revealing that multiple tissue
pieces were still present (Appendix). The Institute
for Mummy Studies at Eurac Research (Bolzano, Ita-
ly) received samples from the organs; we performed
microscopic and molecular analysis (Appendix) of
a 2.5 cm x 1.5 cm tissue piece (ID 1297) from 1 jar
(Appendix Figure 1, panel C). Using microscopy, we
identified a potential blood vessel containing eryth-
rocytes (Figure, panel A). Diameters (7.24, SD +0.14
pm; n = 37) and discocyte shapes of cells within the
blood vessel were characteristic of erythrocytes (2).
We conducted further microscopic evaluation of sin-
gle cells and found the potential presence of a para-
site that might have resided within the erythrocytes
during the lifetime of the deceased family member.
Giemsa staining of tissue sections confirmed our
first impression (Figure, panel B) and suggested the
parasite was Plasmodium spp.; members of this ge-
nus are the causative agent of different types of hu-
man malaria (3). We used atomic force microscopy
to identify the ring stage, an immature develop-
mental stage of P. falciparum that is dominant in pe-
ripheral blood of infected patients and a diagnostic
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hallmark (Figure, panel C). We verified the presence
of P. falciparum by using immunohistochemistry
with polyclonal mouse antiserum against Plasmo-
dium spp.-specific aldolase (Appendix Figure 1,
panels D, E) and a monoclonal antibody against P.
falciparum-specific histidine-rich protein HRPII (Ap-
pendix Figure 1, panels F, G). We confirmed results
by using immunofluorescence analysis with anti-
body against P. falciparum endoplasmic reticulum
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resident protein Pf39 (Appendix Figure 1, panels H,
I). All isotype controls were negative (Appendix Fig-
ure 1, panels E, G, I). Not all observed parasitized
erythrocytes were labeled by the antiserum, likely
because of tissue degradation over the centuries. We
verified a progressed state of biomolecule degrada-
tion by additional DNA-based analysis.

We determined that parasitemia was 38% in
the Medici tissue, which appeared high (Appendix

Figure. Microscopic analysis of malaria infection in visceral tissue from Medici family, Italy. We evaluated a 2.5 cm x 1.5 cm tissue
piece (ID 1297) from 1 jar containing viscera of a Medici family member and identified a potential blood vessel containing erythrocytes.
A) Histological cross section of the tissue stained with hematoxylin and eosin; scale bar indicates 200 pm. Inset shows a possible
erythrocyte; scale bar indicates 3 um. B) Giemsa staining of a paraffin section of viscera suggesting the presence of parasites within the
erythrocytes. Scale bar indicates 50 pm. C) Atomic force microscopy (AFM) of the tissue section. An optical microscope was used to
define appropriate sample areas for AFM imaging (left image); scale bar indicates 20 um. Enlarged area at right shows a ring stage of

Plasmodium falciparum in an erythrocyte; scale bar indicates 2 ym.
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Figure 1, panel ]J). However, instead of peripheral
blood, we investigated tissues that might have had
higher than expected parasitemia from sequestration
of erythrocytes parasitized by mature asexual devel-
opmental stages (trophozoite and schizonts) of P.
falciparum (4). Erythrocytes were visible in the tissue
and were not washed away after embedding, further
suggesting the presence of malaria parasites because
they can trigger blood coagulation that might have
kept the cells in place (5). High parasitemia within
tissues is likely dependent on P. falciparum develop-
mental stages (4). Erythrocytes infected with juve-
nile ring stages can be found in the peripheral blood
of patients, whereas mature developmental stages
are absent (6). Erythrocytes that contain more ma-
ture developmental stages can adhere to endothelial
cells that line blood vessels within inner organs (6).

The most striking parasite-derived erythrocyte
modification is the establishment of secretory or-
ganelles, known as Maurer’s clefts, that reside with-
in the cytoplasm of terminally differentiated host
erythrocytes infected with P. falciparum (7). Similar
organelles also exist in the cytoplasm of erythro-
cytes infected by other pathogenic Plasmodium spp.
(7). During P. falciparum infections, Maurer’s clefts
are crucial for initiating host-parasite interactions;
they are responsible for severe disease and patient
death by enabling protein trafficking that causes
cytoadherence within organs (4). By using Giemsa
staining, we observed delicate stipplings within the
cytoplasm of infected erythrocytes in the Medici tis-
sue, indicative of Maurer’s clefts (Appendix Figure
1, panel J). We quantified the stipplings; numbers
were comparable to what can be observed within
infected erythrocytes of malaria patients and in vi-
tro-infected erythrocyte cultures.

We performed glycan analysis by using mass
spectrometry and molecular analyses (Appendix).
We identified a unique glycan found in erythrocyte
B antigen (Appendix Figure 2, panels A-D), further
indicating the presence of erythrocytes in the tis-
sue. However, parasite DNA was undetectable by
PCR. Metagenomic sequencing showed only 0.06%
of all reads were host DNA; 2 reads could be un-
ambiguously assigned to P. falciparum (Appendix
Figure 2, panel E).

Medici family members were known to hunt in
marshlands around Florence and in Tuscany that
served as breeding grounds for mosquito vectors ca-
pable of transmitting Plasmodium spp. parasites (8).
In 2010, immunoassays were used to analyze bones
of 4 Medici family members who might have died
from malaria; P. falciparum was detected (9). Our
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observations agree with previous studies of ancient
human remains, suggesting a Mediterranean pres-
ence of malaria from the era of ancient Egypt to mod-
ern times (10). Malaria remains a major health threat
for persons in Africa, mostly affecting pregnant
women and children. Malaria is a curable disease;
however, persons in malaria-endemic areas still lack
access to proper healthcare. Developing Plasmodium
resistance to standard treatments further hampers
positive therapeutic outcomes.
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The US Coast Guard Academy began adenovirus vac-
cination of incoming cadets in 2022. Of 294 vaccine
recipients, 15%—20% had mild respiratory or systemic
symptoms within 10 days postvaccination but no serious
adverse events after 90 days. Our findings support the
continued use of adenovirus vaccines in congregate mili-
tary settings.

denovirus infection results in considerable ill-

ness among congregate military populations (1).
US Food and Drug Administration-approved use of a
live, oral, bivalent adenovirus vaccine for military pop-
ulations began in 2011 and was associated with sub-
stantial decreases in adenovirus infection incidence at
US military basic training centers (2,3). The US Naval
Academy introduced adenovirus vaccination in 2018
after a large adenovirus outbreak (4). An adenovirus
outbreak involving =300 cadets occurred at the US
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Coast Guard Academy (CGA) in 2019 (5). Adenovirus
vaccines were introduced for incoming first-year CGA
cadets on June 28, 2022. To supplement postlicensure
data on adenovirus vaccine safety (6), we monitored
postvaccination signs and symptoms in those cadets.

We developed a monitoring system to account for
military training features, such as restricted cellphone
access and a time-sensitive, regimented curriculum.
For sick call visits occurring <10 days after vaccina-
tion, the CGA clinic used a monitoring tool (Appen-
dix, https://wwwnc.cdc.gov/EID/article/29/6/23-
0331-Appl.pdf) consisting of 17 postvaccination
signs or symptoms obtained from clinical trial results
(7,8). We measured vaccine uptake and inability to
swallow pills and monitored cadets for 90 days after
vaccination for US Food and Drug Administration-
defined serious adverse events (9).

Cadets received an in-person briefing from CGA
clinic staff on June 27, 2022. The CGA training cadre,
with whom the cadets had daily contact, were briefed
by clinic leadership on the paper-based reporting tool,
reporting requirements, and referring ill cadets to the
CGA clinic. Before vaccination, cadets were given the
Centers for Disease Control and Prevention adenovi-
rus vaccine information statement and opportunity to
ask questions. Subsequently, if cadets sought care for
illness at the CGA clinic, staff used the reporting tool
to record whether any of the 17 signs and symptoms
were present.

During the initial vaccination period (June 28-30,
2022), 293 (97.3%) of 301 first-year cadets received
the adenovirus vaccine; 4 (1.3%) cadets were unable
to swallow the vaccine. Of 4 cadets isolated for CO-
VID-19 during the initial vaccination period, only 1
subsequently received the vaccine. Of 294 vaccinated
cadets, a total of 159 (54.1%) received 1 other vaccine
and 53 (18.0%) received >2 additional vaccines.

The average age of the 294 vaccine recipients was
18.25 years; 57% were male, and 43% female. During
June 30-July 8, 2022, =100 first-year cadets sought
care at the CGA clinic for illness, and 65 (22.1%) ca-
dets reported >1 vaccine surveillance sign or symp-
tom. Commonly reported signs and symptoms were
cough (20.1%), sore throat (17.0%), headache (16.0%),
fatigue (16.0%), nasal congestion (15.3%), and short-
ness of breath (11.6%) (Table). Frequencies of gastro-
intestinal symptoms among cadets seeking care at the
clinic during the 10-day period after vaccination were
2.3% for abdominal pain, 3.7% for diarrhea, 4.0% for
vomiting, and 8.3% for nausea (Table). During the
90 days after vaccination, no serious adverse events
were reported, including hospitalization, Guillain-
Barre syndrome, or death.
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