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Levels of Angiopoietin 2 Are Predictive
for Mortality in Patients Infected
With Yellow Fever Virus
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In 2018 there was a large yellow fever outbreak in Sdo Paulo,
Brazil, with a high fatality rate. Yellow fever virus can cause,
among other symptoms, hemorrhage and disseminated
intravascular coagulation, indicating a role for endothelial
cells in disease pathogenesis. Here, we conducted a case-
control study and measured markers related to endothelial
damage in plasma and its association with mortality. We
found that angiopoietin 2 is strongly associated with a fatal
outcome and could serve as a predictive marker for mortality.
This could be used to monitor severe cases and provide care
to improve disease outcome.
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Yellow fever virus (YFV), an arbovirus belonging to the
Flavivirus family, has caused large outbreaks of viral hemor-
rhagic fever in South America in the past few years. Among
those is the one of 2018 in Sao Paulo state, Brazil. Of all people
with YFV who are symptomatic, an estimated 15% to 25% will
develop severe disease with hepatic and renal failure and a hem-
orrhagic diathesis (reviewed by Monath [1]). The mortality rate
of patients with severe YFV infection in the 2018 Sao Paulo
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outbreak was around 35% [2], and many of those patients ex-
perienced severe treatment-resistant hypotension in the days
before death [1]. This and the occurrence of disseminated in-
travascular coagulation (DIC) suggest that endothelial cells
play an important role in the pathogenesis of YFV infection [3].

In this case-control study, we found evidence that endothe-
lial cells are highly activated during YFV infection and that this
is associated with mortality.

METHODS

Clinical Cohort

Patient samples were selected from the cohort established dur-
ing the 2018 YFV outbreak in Sdo Paulo state, as described pre-
viously [2]. Ethical approval was obtained from the ethical
review boards at the Infectious Diseases Institute “Emilio
Ribas” and Hospital das Clinicas, University of Sao Paulo
(CAPPesq 15477, CAAE 59542216.3.1001.0068).

In short, patients aged >18 years and admitted to 2 reference
tertiary hospitals in Sdo Paulo city with signs of YFV infection
and a travel history to an area with known YFV transmission
were included after written informed consent from themselves
or their legal guardians. YFV infection was confirmed by detec-
tion of RNA with real-time polymerase chain reaction in the se-
rum sample at admission or in tissue at autopsy. Plasma
samples were stored at —80 °C.

For this study, we selected all available samples from nonsur-
vivors and matched the samples with survivors based on age,
gender, and days of symptoms. For a control group, we used
the convalescent plasma samples from the survivors at day 30.

Laboratory Assays

The viral load was determined by extracting RNA on the auto-
mated platform NucliSENS easyMag (Biomérieux) and by us-
ing primers and probes, which could distinguish wild type
YFV from the vaccine strain. The quantification of viral load
is described elsewhere [2].

Commercially available enzyme-linked immunosorbent as-
says (Quantikine; R&D Systems) were used to determine the
levels of angiopoietin 2 (Ang-2), soluble vascular endothelial
growth factor receptor 2 (sVEGFR-2), matrix metalloprotei-
nase 2 (MMP-2), matrix metalloproteinase 9 (MMP-9), and
soluble endoglin (sENG). Every sample was run in duplicate,
and the assays were performed according to the manufacturer’s
instructions. Repetitive freeze-thaw cycles were avoided.

Statistics
The Kruskal-Wallis test was used to determine whether there
was a significant difference in continuous variables among all
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the groups. If so, the Mann-Whitney U test with Bonferroni
correction was used to determine whether there was a signifi-
cant difference between the groups. A Fisher exact test was
used to compare categorical variables.

RESULTS

From the cohort of patients infected with YFV, for which data
were collected between 11 January 2018 and 10 May 2018, we
included all 27 deceased patients for this analysis. Next, we se-
lected 27 survivors matched by age, gender, and days of symp-
toms. Because the deceased patients were all male, no female
patients were included in this study.

There were no significant differences in age and days of
symptoms between survivors and nonsurvivors (Table 1).
There was also no significant difference in viral load between
survivors and nonsurvivors at the day of presentation, although
there was a trend toward a higher viral load in nonsurvivors.

Levels of Ang-2, sSENG, MMP-2, and MMP-9 were all signif-
icantly elevated in nonsurvivors vs survivors and the control
samples (Figure 1). There was no significant difference between
samples from survivors and convalescent controls. sVEGFR-2
showed no significant difference between groups.

The median levels of Ang-2 at presentation were >3-fold
higher (>15.738 pg/mL) vs
(4.816 pg/mL). Moreover, there was hardly any overlap in val-

in nonsurvivors survivors
ues, with only 4 samples of nonsurvivors in the same range as
the survivors (Figure 1). The value of the majority of the sam-
ples (21/27, 78%) was higher than the upper limit of detection.

DISCUSSION

In this analysis, we compared the levels of markers of endothe-
lial cell activation between survivors and nonsurvivors at the
day of admission, showing that levels of Ang-2 had the stron-
gest association with disease outcome.

We previously determined these markers in patients with
dengue virus (DENV) infection with and without signs of plas-
ma leakage [4]. Here we also found increased levels of Ang-2
and MMP-2 in cases of DENV infection with plasma leakage
vs those without. Similarly, Ang-2 proved to be the strongest
surrogate marker for a compromised endothelial barrier lead-
ing to vascular leakage in our cohort with DENV.

Pathologic studies from patients infected with YFV have
shown that viral antigen is mainly found in the hepatocytes
of the liver [5]. In a recent study on liver samples from patients
with disease, increased expression of endothelial cell adhesion
molecules suggested that the endothelium is highly activated
during severe YFV infection [6]. Moreover, the occurrence of
hypotension and DIC indicates that endothelial cells in the
whole body are affected. Finally, the damage upon the endothe-
lial cells can be due to the systemic release of large amounts of
cytokines [1] and a high plasma yellow fever viral load, as
the latter was also associated with mortality, as described
previously [7].

MMP-2 and MMP-9 are matrix metalloproteinases, and with
their proteolytic activity they can degrade components of the
extracellular matrix and increase vascular permeability. One
study also showed significantly increased levels of MMP-2
and MMP-9 in patients with DENV infection and plasma leak-
age [8]. Moreover, MMP-2 was more strongly correlated with
the occurrence of plasma leakage than MMP-9 [8]. Elevated
levels of MMP-2 and MMP-9 have been detected in patients
with sepsis, but they are not able to predict mortality [9].

sENG is a member of the TGF- signaling pathway and can
promote vascular leakage by inhibiting it. In our previous
study, we found no difference in levels between patients with
DENV infection and healthy controls [4]. However, these pa-
tients experienced only mild disease, and in a recent study, lev-
els in patients with severe sepsis and septic shock were
significantly elevated vs healthy controls [10], suggesting that

Table 1. Demographical and Clinical Data of Patients Infected With Yellow Fever Virus
Survivors (n=27) Missing Values Nonsurvivors (n=27) Missing Values P Value

Gender: male, % 100 0 100 0 >.99
Age, y 44 (35-57) 0 50 (36-63) 0 .37
Days of symptoms 7 (6-9) 0 7 (5-9) 0 .83
Viral load, logqo copies/mL 4.4 (3.8-6.3) 5 5.6 (5.0-6.4) 1 .08
Alanine transaminase, U/L 2339 (1248-2778) 4 2370 (1634-5194) 4 77
Aspartate transaminase, U/L 2238 (856-3868) 3 6103 (3648-14.913) 4 .001
Prothrombin time, s 14.1 (11.0-16.0) 2 23.1(17.1-36.8) 4 <.001
Creatinine, mg/dL 0.93 (0.77-1.10) 5 4.09 (2.98-5.35) 5 <.001
Count/uL

Leukocyte 3100 (21560-4160) 2 5885 (4280-11 525) 1 <.001

Neutrophil 1470 (1185-1915) 2 4830 (3133-9078) 1 <.001

Lymphocyte 700 (530-1365) 2 815 (5635-1628) 1 .019

Platelet 90 (57-109) 7 80 (46-101) 5 .60

Data are presented as median (IQR) unless noted otherwise.
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Figure 1. Endothelial-related markers in patients infected with yellow fever virus. Levels of angiopoietin 2, endoglin, MMP-2, MMP-9, and sVEGFR-2 were measured in the
plasma samples of patients in the acute phase of infection who survived (n = 27) or died (n = 27) during the follow-up period. Patients at the convalescent phase (n = 9) were
used as a control group. *P < .001, except for MIMP-2 nonsurvivors vs controls (P=.017). Median levels were as follows. Angiopoietin 2: nonsurvivors (>15.738 pg/mL),
survivors (4.816 pg/mL), controls (3.691 pg/mL). Endoglin: nonsurvivors (7.5 ng/mL), survivors (3,9 ng/mL), controls (3,3 ng/mL). MMP-2: nonsurvivors (183 ng/mL), survivors
(81 ng/mL), controls (94 ng/mL). MMP-9: nonsurvivors (416 ng/mL), survivors (41 ng/mL), controls (17 ng/mL). sVEGFR-2: nonsurvivors (10.974 pg/mL), survivors (8.955 pg/
mL), controls (10.508 pg/mL). MMP-2, matrix metalloproteinase 2; MMP-9, matrix metalloproteinase 9; sVEGFR-2, soluble vascular endothelial growth factor receptor 2.
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increased levels of this marker are indicative for severe disease.
This finding is supported by the study of Mariappan et al [11],
which showed significantly elevated ENG mRNA levels in pa-
tients with severe dengue around the time of defervescence,
when severe plasma leakage usually occurs.

Ang-2 is a competitive inhibitor of the Tie-2 receptor, which
is abundant in vascular endothelial cells (reviewed by Akwii
etal [12]). Ang-1 also signals through this receptor and induces
endothelial quiescence. Binding of Ang-2 to the Tie-2 receptor
can disrupt the endothelial barrier, resulting in extensive endo-
thelial cell activation. Ang-2 is a strong predictor of mortality in
patients in the intensive care unit who are critically ill [13].
Significant increased levels have also been detected in patients
with dengue hemorrhagic fever during the critical stage of their
disease [14].

Interestingly, in a recent study, proteomics was performed
on patients who were septic with and without DIC [15]. In
this study, levels of Ang-2 were significantly increased in pa-
tients with DIC vs those without. Moreover, an unsupervised
proteomics analysis showed that Ang-2 was a central hub link-
ing the processes of vascular function, endothelial inflamma-
tion, and coagulation [15]. In our cohort, there were signs of
DIC in nonsurvivors vs survivors, as expressed in a prolonged
prothrombin time (Table 1). The same study showed in 2 co-
horts that Ang-2 was a better predictor for survival than the in-
dividual parameters of DIC. This is in agreement with our
study, where Ang-2 was the strongest predictor of mortality.
Moreover, the samples from the nonsurvivors were drawn,
on average, 13 days before they died (IQR, 9-18 days).

This means that Ang-2 could be used as an early predictive
marker for mortality during YFV infection, in which patients
with highly increased levels should be assigned to intensive mon-
itoring. Altogether, we are the first to provide evidence that en-
dothelial cell activation highly contributes to pathogenesis
during YFV infection and that Ang-2 could be used as a predic-
tive marker for mortality.
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