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Essentials

« The mechanism of the bleeding diathesis of yellow fever infection is not well understood.

* We assessed clinical, laboratory, and rotational thromboelastometry parameters in adults with severe yellow fever infection.

* Most (90%) patients presented hypocoagulabitity assessed by rotational thromboelastometry.

» Prolonged clotting time and reduced alpha angle associated with death.

1 | INTRODUCTION

Yellow fever (YF) is a mosquito-borne viral hemorrhagic fever with a
high case fatality rate [1]. It is caused by a flavivirus—or YF virus—
which is transmitted to humans by mosquitoes Haemagogus and
Sabethes [2]. Approximately 15% of individuals infected with YF virus
enter the third stage of the disease, which is characterized by variable
dysfunction of multiple organs including the liver, kidneys, and car-
diovascular system. Multiorgan failure in YF infection (YFI) is associ-
ated with high levels of proinflammatory cytokines similar to that seen
in systemic immune response syndrome (SIRS) and sepsis [3]. Since
there is no specific antiviral therapy available for the treatment of YFI,
it mainly consists of supportive care.

A severe bleeding diathesis is the hallmark of YFI and is characterized
by coffee-ground hematemesis, melena, hematuria, metrorrhagia, pete-
chiae, ecchymoses, epistaxis, and bleeding from needle puncture sites and
gums. However, the biological mechanisms behind this hemorrhagic
diathesis are poorly understood. Potential mechanisms are decreased
synthesis of coagulation factors by the liver, disseminated intravascular
coagulation, and platelet dysfunction. To date, very few studies have
investigated the hemostasis in patients with YFI [2,4]. The study by
Woodson et al. [2] examined gene expression and protein production of
fibrinogen and plasminogen activator-1 after interleukin-6 stimulation of
hepatocytes and found that YFI affects the transcriptional and trans-
lational expression of fibrinogen and plasminogen activator-1 in human
hepatocytes. A study from our group [4] showed that increased interna-
tional normalized ratio (INR) and activated partial thromboplastin time
(aPTT) as well as reduced factor (F)Il, FV, FVII, FIX, and protein C were
associated with death in severe YFI.

Global tests of hemostasis are increasingly used as tools to assess
hemostasis, including the effects of pro- and anticoagulant proteins,
fibrinogen, platelets, and red blood cells in coagulation. Furthermore,
they have been used to guide therapeutic decisions regarding replace-
ment of blood components in patients with major bleeding, including
patients undergoing liver transplant surgery, trauma patients, and pa-
tients with obstetrical bleeding [5,6]. Importantly, in patients with acute
or chronic liver disease, it has been demonstrated that blood clot for-
mation in patients with cirrhosis [7,8] and acute liver injury/acute liver
failure (ALF) is generally preserved [7-10] or mildly hypocoagulable
[8-10]. Once patients with YFI develop a major bleeding diathesis and
require massive blood transfusion, we hypothesized that blood clot
formation assessed by global tests would likely be altered and could
potentially assess hemostasis in these patients.

In recent years, Brazil has experienced the most extensive
outbreak of YFI, with 1880 confirmed cases and 583 deaths from

2016 to 2018 [11]. The majority of cases (n = 1002; 53.3%) were
reported in Minas Gerais State, of whom 340 (33.9%) eventually died
[12,13]. This study aimed to characterize the hemostatic features of
patients with severe YFI who were admitted to the intensive care unit
(ICU) and to assess and correlate global test parameters with routine

hemostasis tests and levels of coagulation proteins.

2 | METHODS

2.1 | Patients
Patients with suspected YFI were admitted at Hospital Eduardo de
Menezes, Belo Horizonte, Minas Gerais, Brazil, which is a referral
center for the treatment of infectious diseases in the State of Minas
Gerais. Patients were attended by infectious diseases specialists who
were responsible for providing care and collecting clinical data. In-
clusion criteria consisted of adult individuals (age, >18 years) with
severe YFI admitted to the ICU. The criteria for ICU admission were
defined according to the Brazilian Ministry of Health [13], which
consisted of intense jaundice, hemorrhages, oliguria, intermittent
vomiting, decreased level of consciousness, or severe abdominal pain
and/or laboratory abnormalities such as transaminase levels 10 times
above the reference value (aspartate aminotransferase [AST] gener-
ally higher than alanine aminotransferase, unlike acute hepatitis),
elevated creatinine (>2 mg/dL), and altered coagulation tests (INR >
1.5 and/or platelet count < 50,000/uL).

The diagnosis of YFI was confirmed by reverse transcriptase po-
lymerase chain reaction according to recommendation of the Ministry
of Health [13]. The study was approved by the institutional ethical

committees, and all patients/guardians signed a consent form.

2.2 | Clinical variables
The following variables of interest were collected at admission: age, sex,
race, city of residence, occupation, educational level, weight, height,
body mass index, heart and respiratory rate, mean arterial blood pres-
sure, temperature, and SIRS components [3,4]. We also collected data
on vaccination status for YFI, comorbidities, bleeding manifestations
(type, site, and severity), diagnosis of ALF, infection, hepatic encepha-
lopathy, renal failure, use of amines, dialysis with start and end dates,
and transfusion of blood components during hospitalization.

ALF was defined as severe acute liver injury with encephalopathy

and impaired liver function (INR > 1.5) in a patient with an illness
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duration of <26 weeks [14]. Infection was defined as a positive blood
or urine culture upon exclusion of a contaminant organism and chest
X-ray showing a pulmonary infiltrate suggestive of infectious etiology.
Renal failure was defined as persistent elevation of urea and creati-
nine and maintenance of oliguria after hydration demanding contin-
uous dialysis. SIRS was defined according to American College of
Chest Physicians/Society of Critical Care Medicine Consensus Con-
ference (1992) [15]: leukocytes, >12,000 or <4000/puL; temperature,
<36 °C or >38 °C; respiratory rate; >20 breaths/min; and heart rate,
>90 beats/min.

2.3 | Blood collection
Peripheral blood was collected in vacutainer tubes containing sodium
citrate 3.2% as anticoagulant and 2% EDTA. Fresh whole blood
collected in citrate was used to perform rotational thromboelas-
tometry (ROTEM). Platelet-poor plasma was prepared by centrifuga-
tion at 1500 rpm for 15 minutes twice. Plasma was separated and
stored at —80 °C until processing. At the time of testing, all frozen
samples were thawed for 10 minutes at 37 °C. Blood collected in
EDTA was used to perform blood cell count.

Coagulation tests were performed at a median time of 3 days
(IQR, 2-7 days) after admission to ICU [4].

2.4 | Assessment of routine laboratory tests and
coagulation factors

We measured prothrombin time (PT)/INR, aPTT, full blood count, AST,
alanine aminotransferase, bilirubin, albumin, urea, creatinine, lactate,
and phosphate. The PT/INR was determined using recalcified plasma,
recombinant human tissue factor, and synthetic thromboplastin (Dade
Innovin Reagent; Siemens Healthcare Diagnostics Products GmbH).
Thrombin time (TT; STA-Thrombin 2; Stago), PT (STA-Neoplastine ClI
Plus 10; Stago), aPTT (STA-PTT Kit; Stago), D-dimer (Liatest D-Di Kit;
Stago), and protein C (STA-Staclot; Stago) were measured using the
STA-R Evolution clot detection system (Stago) by a chromogenic
method. Fibrinogen was assessed by coagulometric method modified
by Clauss (Fibrinogen-C; Werfen).

The activity levels of Fll, FV, FVII, FVIII, FIX, and FX were
measured using the Destiny Plus hemostasis analyzer (Alere), with the
calibration curves generated from >6 dilutions of specific factor-
deficient plasmas. Details of blood collection and the methodology
for assessing routine clotting tests and coagulation factors were

previously described [4].

25 | ROTEM
ROTEM was assayed in citrated whole fresh blood, ie, within
maximum 2 hours after drawing blood. All tests were performed in a

single instrument (ROTEM; Pentapharm GmbH) by the same operator
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(L.L.J.). A total volume of 300 pL of whole blood was pipetted in the
cuvette and heated at 37 °C with the addition of 20 pL calcium
chloride (STAR-TEM, TEM Innovations GmbH). Clotting was initiated
by the addition of 20 pL kaolin. Kinetic changes in clot formation and
dissolution were measured for 30 minutes after reaching maximal clot
firmness (MCF). The following parameters were analyzed: (i) clotting
time (CT), which is the time (in seconds) from the start of the reaction
until the initiation of the clot; (ii) clot formation time (CFT), which is
the time (in seconds) measured from the initiation of the clot until a
clot firmness of 20 mm is detected; (iii) alpha angle (in degree), which
reflects the dynamics of clot formation; (iv) MCF (in millimeter), which
measures the maximum amplitude or maximum tension/firmness of
the clot; and (v) lysis index in 30 minutes, which reflects the activation
of the fibrinolytic system. The maximum amplitude (in millimeter) is
also demonstrated every 5 minutes after the beginning of reaction by
the parameters A5, A10, A15, A20, A25, and A30.

An abnormal ROTEM parameter was defined as a CT or CFT
above the upper limit of the normal reference range and an alpha
angle or MCF below the lower limit of normal reference range.
Hypocoagulability was defined if 2 or more of ROTEM parameters
(CT, CFT, alpha angle, and MCF) were outside the limits of the normal
reference range [16,17]. The normal ranges in our laboratory were
established by assaying 6 adult normal controls (3 women and 3 men)
with a median age of 30.0 years (IQR, 27.0-45.5 years). They had no
comorbidities, no bleeding disorders, and were free from using any
medication. The reference ranges obtained were similar to the ones
reported by Scarpelini et al. [18].

2.6 | Outcomes

We defined death and bleeding as outcomes. Any bleeding was
recorded. If the definition for bleeding severity in patients with ac-
quired bleeding conditions (for instance, hemorrhagic viral fever) was
not available, we used the classification proposed by the International
Society of Thrombosis and Haemostasis (ISTH) [19].

In brief, according to ISTH, major bleeding was defined as fatal
bleeding and/or symptomatic bleeding in a critical area or organ, such
as intracranial, intraspinal, intraocular, retroperitoneal, intra-articular
or pericardial, or intramuscular with compartment syndrome, and/or
bleeding causing a fall in hemoglobin level of 20 g/L or more or leading
to transfusion of 2 or more units of whole blood or red cells. The
remaining types of bleeding (for instance, epistaxis, petechiae, ec-
chymoses, oozing of blood from the gums, and bleeding from needle

puncture sites) were considered as minor.

2.7 | Statistical analysis

For the categorical variables, the number of events and their
respective percentages were calculated. For the continuous variables,
we calculated median and IQR or means and SDs in case the pre-

sentation was nonparametric or parametric, respectively.
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TABLE 1
fever infection.

Characteristics
Length of stay in hospital (d), median (IQR)
Socio-demographic characteristics
Age (y), median (IQR)
Male sex, n (%)
Skin color, n (%)
Mixed
White
Black
Clinical characteristics
Weight (kg), median (IQR)
BMI? (kg/m?), median (IQR)
Heart rate (beats/min), median (IQR)

Respiratory rate (breaths/min),
median (IQR)

Median MABP (IQR)
Temperature (°C), median (IQR)
Alcoholism?, n (%)
Smoking?®, n (%)
Vaccination for YF, n (%)
Bleeding®, n (%)
Major bleeding?, n (%)
Hepatic encephalopathy, n (%)
Other infection®, n (%)
Median No. of SIRS (IQR)
Kidney failure, n (%)
Death, n (%)

Laboratory tests
Total bilirubin® (mg/dL), median (IQR)
AST (units/L), median (IQR)
Median INR (IQR)
Creatinine at admission (mg/dL), median (IQR)
Total leukocytes (uL), median (IQR)

Blood transfusion
Fresh frozen plasma?, n (%)
Cryoprecipitate®, n (%)
Packed red cells?, n (%)

Platelets®, n (%)

Characteristics of included patients with severe yellow

All patients
(N = 35)

10 (7-17)

49 (39-55)
33 (94)

17 (48.6)
11 (31.4)
7 (20)

70 (56-85)
25 (22.2-30.4)
81 (69-98)
20 (18-23)

94 (75-99)
36 (36.0-37.0)
17 (48.5)
13 (37.1)

8 (23)
21 (60)
14 (66)
19 (58)
13 (39)
1.0 (1.0-2.5)
15 (46)
12 (34)

5.7 (4.0-13.5)
4350 (1171-7723)

1.4 (1.0-1.8)

1.0 (0.7-2.6)
5400 (3500-8850)

19 (68)
17 (61)
15 (54)
17 (61)

AST, aspartate aminotransferase; BMI, body mass index; INR,
international normalized ratio; MABP, mean arterial blood pressure;
SIRS, systemic inflammatory response syndrome; YF, yellow fever.

*There are some missing data for these variables.
PAll patients had a bacterial infection.

Comparison between categorical variables was calculated by us-
ing the Fisher’s exact test or Kruskal-Wallis test. Student’s t-test was
used for comparison of continuous variables. Mann-Whitney U-test
or Kruskal-Wallis test was used for comparing numeric variables with
nonparametric distribution. Spearman’s correlation was used to verify
the association between numerical variables. P values are reported
and considered significant if P was <.05. There was no sample size
calculation.

Statistical analyses were performed using R software version
3.5.0 (R Foundation for Statistical Computing) and Statistical Package
for Social Sciences software (IBM, SPSS, Inc) version 18.0.

3 | RESULTS

3.1 | Characteristics of the patients studied
We included 35 adult patients with severe YFl, ie, in the third stage of
YFI, admitted to the ICU from December 1, 2017, to April 15, 2018.
This period corresponded to the outbreak of YFI in Minas Gerais
State. Median age was 49 years (IQR, 38-54 years); most patients
(94%) were male, and 77% were not vaccinated against YFI. The
median time in the ICU was 10 days (IQR, 7-17 days). Median total
bilirubin was 5.7 mg/dL (IQR, 4.0-13.5 mg/dL), and median AST was
4350 units/mL (IQR, 1171-7723 units/mL). A total of 21/35 patients
(60%) had bleeding, of whom 14 (66%) had major bleeding. Approxi-
mately 60% of patients received blood transfusion with different
blood components. A total of 12 patients (34%) died. The character-
istics of the study population are detailed in Table 1.

A total of 22/35 (63%) patients with severe YFI admitted to the
ICU were assessed for routine laboratory, coagulation factors, and
ROTEM on the same day/sample (Figure). Except for a higher death

rate in the excluded patients (n = 13) in comparison with the included

Patients with confirmed yellow fever (n = 35)

Patients with bleeding assayed for thromboelastometry and
coagulation tests simultaneously (n = 21)

[ ]

Patients with minor bleeding Patients with major bleeding
(n=7) (n=14)

l

[ ]

Alive patients (n =10) Deceased patients (n = 4)

FIGURE Flow chart of patients enrolled in the study.
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TABLE 2 Characteristics of patients with severe yellow fever infection according to the outcome of bleeding and death.

All patients Alive patients Deceased
patients
(N = 21) (n=17) (n=4)
Minor Major Minor Major Major
bleeding bleeding P bleeding bleeding bleeding P
Characteristics (n=7) (n = 14) value® (n=7) (n = 10) (n=4) value®
Characteristics
Time in ICU (d), 4 (2-16) 3(1.8-4.2) .15 4 (2-16) 2 (1-3) 4 (3-7) .07
median (IQR)
Socio-demographic
characteristics
Age (y), 41 (37-51) 51 (44-59) 26 41 (37-51) 51 (36-59) 50 (45-57) .52
median (IQR)
Male sex, n (%) 7 (100) 13 (92.8) 46 7 (100) 9 (90) 4 (100) 71
Weight (kg), 75 (65-84) 70 (54-76) .25 75 (65-84) 70 (52-72) 73 (57-86) .32
median (IQR)
BMI? (kg/mz), 22 (21-29) 23 (21-29) .85 22 (21-29) 23 (20-24) 30 (24-32) 48
median (IQR)
Clinical
characteristics
Median 83 (64-98) 89 (77-99) .57 83 (64-98) 87 (72-104) 93 (83-98) 76
MABP (IQR)
Heart rate 70 (56-97) 88 (68-98) 48 70 (56-97) 84 (58-98) 94 (78-104) 49
(beats/min),
median (IQR)
Respiratory rate 19 (16-21) 19 (17-21) .86 19 (16-21) 19 (17-20) 23 (17-30) 5
(breaths/min),
median (IQR)
Temperature (°C), 36 (35-37) 36 (35-38) 77 36 (35-37) 37 (36-38) 36 (35-37) 72
median (IQR)
Vaccination 1(14) 2 (14) 81 1 (14) 2 (20) 0 (0) 81
for YF, n (%)
Hepatic 2 (29) 9 (64) .38 2 (29) 7 (70) 2 (50) .07
encephalopathy,
n (%)
Renal failure, 2 (29) 7 (50) 42 2 (29) 4 (40) 3 (75) .08
n (%)
Infection®, n (%) 2 (29) 7 (50) 42 2 (29) 5 (50) 2 (50) .13
Median No. 2 (0.5-2) 2 (1-3) 17 2 (0.5-2) 2 (1-3) 3 (1-3) .05
of SIRS (IQR)
Laboratory tests
AST (units/L), 1179 (729-9901) 1334 (525-3839) .70 1179 (729-9901) 2785 (460-5453) 773 (437-2323) .57
median (IQR)
ALT (units/L), 722 (121-5166) 1085 (197-2781) .90 722 (121-5166) 1922 (383-3139) 134 (96-859) .10
median (IQR)
Total bilirubin 8.4 (3.4-20.4) 4 (2.9-9.8) .50 8.4 (3.4-20.4) 3.9 (1.6-7.1) 9.8 (4.7-16.5) .26
(mg/dL),
median (IQR)
Albumin (g/dL), 2.9 (2.8-3.1) 2.9 (2.6-3.1) 77 2.9 (2.8-3.1) 2.8 (2.6-3.1) 2.9 (2.5-3.6) .93
median (IQR)

(Continues)
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TABLE 2 (Continued)
All patients Alive patients Deceased
patients
(N=21) (n=17) (n=4)
Minor Major Minor Major Major
bleeding bleeding P bleeding bleeding bleeding P
Characteristics (n=7) (n = 14) value® (n=7) (n = 10) (n=4) value®

Lactate (mmol/L), 1.4 (1.1-1.8) 1.8 (1.2-5.6) 45 14 (1.1-1.8) 1.2 (1.1-2.0) 9.2 (4.3-12.8) .004
median (IQR)

Creatinine (mg/dL), 0.9 1.3 (0.9-2.9) 17 0.9 (0.7-0.9) 0.9 (0.8-1.9) 6.5 (3.0-7.4) .007
median (IQR) (0.7-0.9)

Median 5300 5400 .70 5300 3400 15,750 .008
leukocyte (2300-7200) (2950-11,150) (2300-7200) (2300-6150) (8975-33,325)
count/pL (IQR)

Median platelet 55,000 51,000 .68 55,000 51,000 58,000 91
count/pL (IQR) (37,000-236,000) (38,000-113,000) (37,000-236,000) (38,000-113,000) (34,000-

157,000)

aPTT (s), 48 36 (23-68) .63 48 (22-80) 30 (21-40) 76 (47-93) .09
median (IQR) (22-80)

Median 1.2 (1.0-1.6) 1.0 (1.0-1.5) 49 1.2 (1.0-1.6) 1.0 (1.0-1.2) 1.6 (1.4-1.7) .09
INR (IQR)

TT (s), 22 (16-49) 37 (26-93) .20 22 (16-49) 35 (24-63) 82 (26-300) 26
median (IQR)

D-dimer (pg/mL), 0.45 (0.42-11.29) 8 (2-9) 43 0.45 2.3 (1.5-13.3) 9.6 (9.3-9.9) .63
(IQR) (0.42-11.29)

Blood transfusion

Transfusion 3 (43) 10 (71) .20 3 (43) 7 (70) 3 (75) .0001
of fresh
frozen
plasma, n (%)

Transfusion of 2 (29) 9 (64) 12 2 (29) 6 (60) 3 (75) .001
cryoprecipitate,

n (%)

Transfusion 2 (29) 7 (50) .34 2 (29) 4 (40) 3 (75) .001
of packed
red cells, n (%)

Transfusion of 3 (43) 10 (71) .20 3 (43) 8 (80) 2 (50) .001

platelets, n (%)

ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; BMI, body mass index; ICU, intensive care
unit; INR, international normalized ratio; MABP, mean arterial pressure; SIRS, systemic inflammatory response syndrome; TT, thrombin time; YF, yellow

fever.
All patients had a bacterial infection.

bComparison between the 2 groups was performed using the Mann-Whitney U-test, considering alpha at 5%.
“Comparison between the 3 groups was performed using the Kruskal-Wallis statistic test, considering alpha at 5%.

ones (n = 22; 61.5% vs 17.4%, respectively; P = .01), the remaining

characteristics of the 2 groups were similar (Supplementary Table S1).
3.2 | Association of clinical and laboratory variables
with death and bleeding

A total of 21/22 patients (96%) had bleeding, of which 14 (67%) were
major and 7 (33%) were minor bleeding. A total of 4 (18%) patients

died, of whom all (100%) had major bleeding. Therefore, the following
analyses refer to the group of 21 patients with severe YFI admitted to
the ICU who had bleeding. The outcomes of interest were major/mi-
nor bleeding and death.

We compared the characteristics of alive and deceased patients
according to minor and major bleeding. Median lactate level (P = .004),
creatinine level (P = .007), and leukocyte count (P = .008) were
significantly higher in the group that died when compared with the

group that survived. As expected, patients who had major bleeding
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TABLE 3 Coagulation and global test parameters of patients with severe yellow fever infection according to the outcome of bleeding and

death.
All patients Alive patients Deceased patients
(N =21) (n=17) (n=4)
Minor Major P Minor Major Major
bleeding bleeding value®  bleeding bleeding bleeding P
Characteristics (h=7) (n=14) (h=7) (n = 10) (n=4) value®
Coagulation proteins
Fibrinogen (mg/dL), 315 (177-349) 187 (128-277) .08 315 (177-349) 189 (143-322) 157 (112-189) 12
median (IQR)
Fll (%), median (IQR) 69 (42-115) 54 (39-71) 41 69 (42-115) 52 (46-77) 46 (36-54) 43
FV (%), median (IQR) 103 (51-170) 64 (30-134) 24 103 (51-170) 129 (76-146) 31 (30-48) .04
FVII (%), median (IQR) 68 (26-91) 49 (7-76) 31 68 (26-91) 66 (37-85) 8 (6-29) 43
FVIII (%), median (IQR) 177 (106-278) 110 (65-210) .35 177 (106-278) 135 (98-210) 89 (54-237) .19
FIX (%), median (IQR) 63 (28-111) 30 (11-99) .29 63 (28-111) 64 (24-117) 12 (6-13) .03
FX (%), median (IQR) 60 (23-90) 35 (23-81) .67 60 (23-90) 54 (34-86) 25 (23-43) 51
Protein C (%), median (IQR) 64 (52-82) 60 (34-70) .15 64 (52-82) 57 (46-77) 50 (31-67) 44
ROTEM parameters
CT (sec), median (IQR) 644 (552-845) 1087 (587-2283) .07 644 (552-845) 719 (368-1114) 2326 (1898-2986)  .006
CFT (min), median (IQR) 261 (129-690) 241 (142-911) .35 261 (129-690) 390 (136-671) 543 (2-1085) .96
a-Angle (°), median (IQR) 47 (28-65) 37 (15-60) 51 47 (28-65) 43 (32-64) 15 (12-15) .04
MCF (mm), median (IQR) 54 (35-58) 33 (21-61) 47 54 (35-58) 41 (29-65) 23 (19-25) .10
Lysis 30 (%), median (IQR) 100 (100-100) 100 (100-100) 43 100 (100-100) 100 (100-100) 100 (100-100) 47
Hypocoagulability
n (%) 5(714) 14 (100) .04 5(714) 10 (100) 4 (100) .07

CFT, clot formation time; CT, clotting time; F, factor; MCF, maximal clot firmness; ROTEM, rotational thromboelastometry.

P values were considered significant if P < .05.

2Comparison between the 2 groups was performed using the Mann-Whitney U-test, considering alpha at 5%.
PComparison between the 3 groups was performed using the Kruskal-Wallis statistic test, considering alpha at 5%.

received more units of blood transfusion when compared with the
group that had minor bleeding. Although not significant, TT and D-
dimer showed a dose-response relationship, with lower levels in pa-
tients with minor bleeding/discharged alive than in those with major
bleeding/discharged alive, who had lower levels than those with major
bleeding/death (Table 2). We found no difference between the minor
and major bleeding when death was not accounted for (Table 2).
Median FV and FIX were significantly lower in patients who had major
bleeding/death compared with the group that had bleeding/discharged
alive (P = .04 and P = .03, respectively). Patients who died presented
significantly more prolonged CT (median CT, 2326 seconds; IQR, 1898-
2986 seconds) and reduced alpha angle (median, 12°; IQR, 12°-15°) in
comparison with patients who had minor bleeding/discharged alive (me-
dian CT, 644 seconds; IQR, 552-845 seconds and alpha angle, 47°; IQR,
28°-65°) and major bleeding/discharged alive (median CT, 719 seconds;
IQR, 368-1114 seconds and alpha angle, 43°; IQR, 32°-64°; Table 3).
Except for 2 patients in the group of minor bleeding/discharged
alive, all remaining patients (n = 19; 90%) had hypocoagulability, as

defined by 2 or more of the ROTEM parameters outside the normal

range (Table 3). Except for hypocoagulability, which was more
frequent in the group with major bleeding in comparison with minor
bleeding (P = .04), the remaining parameters were not different be-
tween the groups (Table 3).

The most frequent types of bleeding were hematemesis, oral
bleeding, epistaxis, melena, and hematochezia (Supplementary Table S2).

3.3 | Correlation between coagulation proteins and
ROTEM parameters with bleeding and death

In patients who had bleeding, CT showed a strong negative correlation
with FIX (r = —.84; P < .0001) and FX (r = —.63; P < .001) as well as
alpha angle showed a strong negative correlation with FIX (r = —.92;
P < .0001). There was no correlation between any ROTEM parame-
ters with either INR, aPTT, platelets, FVIII, or protein C in the patients
who had bleeding (Table 4).

In patients who died, the strong negative correlations between CT
and FIX (r = —.83; P < .0001) and FX (r = —.77; P < .0001) were
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TABLE 4 Correlation of parameters of thromboelastometry and
coagulation proteins in patients with any bleeding.

Characteristic

(N = 21) CcT CFT a-Angle  MCF Lysis 30

Routine coagulation assays
INR 22 A7 -36 -38  —40
aPTT 36 -21  -19 02 -27
T 83° -18 -56 -41 76
D-dimer .30 93 —.89° -72 -90
Platelets -17 -61 07 -04  —60

Coagulation proteins
Fibrinogen —47 —.63" .91° 87° 86
Fil -.55 -.62 86° 73 76
FV —.68° -33 76 697 71
FVII -75° -.10 59 51 .39
FVIII -32 -19 22 14 .65
FIX —.84¢ —43 .92¢ 83" .85°
FX —.63° —.69 87° .82° .81°
Protein C —52 —-.50 .39 .50 .37

aPTT, activated partial thromboplastin time; CFT, clot formation time;
CT, clotting time; F, factor; INR, international normalized ratio; MCF,
maximal clot firmness; TT, thrombin time.

P < .05.

bp < 0L

‘P < .001.

9P < .0001.

maintained, despite the low number of patients in this group. Alpha
angle had a strong positive correlation with fibrinogen (r = .82; P <
.0001), FV (r=.71; P <.0001), FIX (r = .83; P <.0001), FX (r =.75; P <
.0001), and FII (r = .70; P < .001) and a strong negative correlation
with D-dimer (r = —.72; P < .001). MCF had a strong positive corre-
lation with fibrinogen (r = .85; P < .0001), FV (r = .69; P < .0001), FIX
(r =.85; P <.0001), FX (r = .75; P < .0001), and FII (r = .71; P < .001)
and a strong negative correlation with INR (r = —.72; P < .001). There
was no correlation of any ROTEM parameters with protein C and
FVIII in the patients who died (Table 5). Lysis 30 had no correlation
with routine coagulation assays or coagulation proteins, either for
bleeding or death outcomes (Tables 4 and 5).

Due to small numbers, it was not possible to perform a multi-
variate analysis to evaluate the association of ROTEM parameters or
levels of coagulation factors with the outcomes of death or bleeding.

4 | DISCUSSION

We assessed routine coagulation, coagulation factors, and ROTEM
parameters in a cohort of patients with severe YFI admitted to ICU.
The majority of patients (96%) had bleeding and hypocoagulability
(90%). Low FV and FX were associated with death as well as pro-

longed CT and reduced alpha angle. Alpha angle and CT strongly

TABLE 5 Correlation of parameters of thromboelastometry and
coagulation proteins in patients who died and had major bleeding.
Characteristic
(n=4) CcT CFT wa-Angle  MCF Lysis 30
Routine coagulation assays
INR .64° -21 -.38 -82¢ -17
aPTT 447 3 —.49° -.43 17
T 71° 08  -.48 -13 50
D-dimer 62° 74> —72° -.50 48
Platelets -21 -.53 .10 -.14 .02
Coagulation proteins
Fibrinogen —62° =7 82¢ 854  —20
Fll —.66 —61° .70° 71 -34
FV —-.62° -45 71¢ 69 .06
FVII —-.62° -.12 45 .52°  -083
FVII 22 01 01 -.16 .02
FIX -.83¢ -57°  .83¢ 854 26
FX -77° -67°  75¢ 754 —24
Protein C -.52° -.33 .29 45 -31

aPTT, activated partial thromboplastin time; CFT, clot formation time;
CT, clotting time; F, factor; INR, international normalized ratio; MCF,
maximal clot firmness; TT, thrombin time.

P < .05.

bp < 01

°P < .001.

4P < .0001.

correlated with liver-produced coagulation factors, mainly FIX and FX.
These results suggest that hypocoagulability, due to decreased levels
of liver-produced coagulation factors, is the hallmark of the bleeding
diathesis of severe YFI. ROTEM seems to be a good tool to assess the
bleeding disorder of YFI and may predict adverse outcomes.

An outbreak of YFI occurred in Brazil from 2016 to 2018, totaling
about 2000 confirmed cases and 583 deaths until April 2018 [11-13].
The majority of the cases were reported in Minas Gerais State. Ac-
cording to an epidemiologic bulletin from the State Department of
Health of Minas Gerais, until June 2018, 1002 cases of YFI| were
confirmed in the State, of which 340 (33.9%) evolved to death
[11-18]. This study enrolled a subset of this population with suspected
YFI who were admitted to the ICU of a specialized hospital on in-
fectious diseases in Belo Horizonte, Minas Gerais, during the outbreak
occurring from December 2017 to April 2018. Most patients were
male, were in their fiftth decade of life, worked in rural areas, and were
not vaccinated against YFI. Most patients presented with bleeding at
admission. As expected, patients who died received more transfusion
with fresh frozen plasma and cryoprecipitate.

In this study, patients with severe YFI showed remarkably low
levels of liver-produced coagulation factors, of which FV and FIX were
the ones that reduced the most. In some patients, FIX levels were as
low as 1%. FV was also substantially decreased but was not as low as
previously reported in ALF [20]. In spite of an elevated D-dimer in the
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totality of the patients (which was particularly high in the ones who
died), there was no evidence of hyperfibrinolysis in any of the patients,
as assessed by ROTEM. Furthermore, plasma FVIII levels were within
the normal reference range in all patients evaluated, suggesting
against a consumptive coagulopathy. Therefore, elevated D-dimer
likely reflects the intense inflammatory state and “cytokine storm,”
which is described in the viral hemorrhagic fevers [21]. However, we
can not rule out that some level of consumption also takes place. We
conclude that the biological mechanism of the bleeding diathesis in
YFI mainly involves a severe depletion of liver-produced coagulation
factors, likely as a result of ALF in patients with the severe form of
YFI. ROTEM parameters, mainly CT and alpha angle, clearly reflected
this hemostatic dysfunction and correlated with the levels of several
liver-produced coagulation factors.

Viscoelastic tests such as thromboelastography (TEG) and
ROTEM are point-of-care assays that rapidly assess the dynamics of
clot formation in the whole blood, including clot strength and the
stability of the clot using plasmatic and cellular components. TEG and
ROTEM have been widely employed as a tool to diagnose the un-
derlying hemostatic defect and guide blood replacement in severe
bleeding conditions such as trauma coagulopathy, obstetrical bleeding,
and liver transplantation [9,10,22,23]. In inherited bleeding disorders,
it has also been used to monitor the response of bypassing agents in
patients with hemophilia and inhibitors [24,25] and replacement in
FXIII deficiency [26]. To the best of our knowledge, there are no re-
ports of the use of TEG/ROTEM to assess hemostasis in patients with
severe YFI with bleeding.

Two studies have investigated the use of TEG/ROTEM in dengue
[27,28]. In patients with dengue fever infection and thrombocytopenia,
Piza et al. [27] found normal routine coagulation tests but hypo-
coagulability by ROTEM in about 70% and 55% of patients when tested
with intrinsic coagulation pathway assessment (INTEM) and extrinsic
coagulation pathway assessment (EXTEM), respectively. Others evalu-
ated the use of TEG or ROTEM to investigate hemostasis in patients
with ALF [9], stable cirrhosis [9,28], and patients with acute decom-
pensation of cirrhosis or acute-on-chronic liver failure [8,29-31].
Whereas TEG parameters in these patients are generally within normal
limits, ROTEM suggested a hypocoagulable state. The differences in
TEG and ROTEM test results are likely explained by the difference in
the procoagulant trigger. As the procoagulant trigger is more powerful
in ROTEM, the test is less sensitive for anticoagulant factors, which
explains a relative hypocoagulability in situations in which pro- and
anticoagulant factors are decreased simultaneously. Crochemore et al.
[32] reported the use of ROTEM to monitor a severe case of YFI with
thrombocytopenia, concluding that ROTEM was an important tool to
identify the hypocoagulable state and to guide treatment.

In this study, FV and FIX were significantly lower in patients with
YFI who died, compared with those who survived. ROTEM parameters
were also associated with mortality. Prolonged CT was the most sig-
nificant ROTEM parameter associated with death in addition to
reduced alpha angle. Plasma levels of various coagulation proteins
correlated with ROTEM parameters. The totality of patients who died

had major bleeding. Whether the association of hypocoagulable
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features with bleeding and death indicates a direct link or whether
hypocoagulable features are a proxy for increased severity of disease
requires further study. Interestingly, routine coagulation tests such as
TT, aPTT, INR, and platelets showed weak or no correlation with the
ROTEM parameters in the patients who had bleeding. This corrobo-
rates with several reports showing that routine coagulation tests do
not reflect the hemostatic status of patients with either acute
[9,10,33,34] or chronic liver failure [35].

This study has limitations that need to be addressed. Firstly, we
were not able to perform ROTEM in 13/35 (37%) patients with YFI
who were admitted to the ICU; 8/13 patients died before drawing
blood, and the remaining 5 patients were not tested for different
reasons, mostly related to the difficulty of collecting blood due to the
patient’s critical condition. Therefore, we cannot exclude the occur-
rence of a selection bias in the study. Indeed, comparison between the
characteristics of the patients included in comparison with the ones
excluded showed that the latter were likely to be more severely
affected as their death rates were significantly higher. Secondly, due
to low numbers, we could not perform a multivariate analysis in order
to identify whether ROTEM parameters and other variables were
independently associated with the outcomes of bleeding and death.
Thirdly, we were unable to assay ROTEM with additional reagents.
Fourthly, plasma biomarkers of fibrinolysis, such as plasmin-
antiplasmin complex, were not performed. Therefore, we cannot
rule out hyperfibrinolysis. Fifthly, no information was captured on
patients who were not included due to early death. Therefore, we
cannot exclude the occurrence of a selection bias with the noninclu-
sion of more severe patients. Lastly, the study was conducted in 1
center, and therefore, the generability of the results may not apply to
other settings. However, this center was the only referral center for
the diagnosis and treatment of YFI in our state and, therefore,
admitted all patients with severe YFI living in the state.

In conclusion, hypocoagulabitity assessed by ROTEM and low
levels of liver-produced coagulation factors are hallmarks of severe
YFI. Alpha angle and CT were capable of discriminating an adverse
outcome and could potentially be used as predictors of death in se-
vere YFI. ROTEM seems to be a useful tool to assess the hemostatic
dysfunction of patients with severe YFI. Further studies should focus
on its use to predict outcomes and guide the treatment of the bleeding
diathesis of YFI.
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