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ABSTRACT
Infection with Coronavirus Disease-19 (COVID-19) can manifest with multi-system sequelae, including thrombosis

and other coagulopathies. The effects of COVID-19 on specific coagulation factors are not well known. In this case,

proconvertin (Factor VII) deficiency was observed in a 14-year-old pediatric patient with active COVID-19 infection,

along with mild thrombocytopenia, active mucosal bleeding, prolonged Prothrombin Time (PT) and likely vitamin K

deficiency. Despite worsening thrombocytopenia, the patient's mucosal bleeding subsided with eventual

normalization of his coagulation measures following vitamin K supplementation. We postulate that due to

widespread inflammation from active COVID-19 infection, our patient developed vitamin K deficiency resulting in

acquired Factor VII deficiency. The mechanism of systemic inflammation causing vitamin K deficiency in the setting

of COVID-19 infection should be explored in future studies. Furthermore, Factor VII deficiency should be

considered in the setting of COVID-19 infection, especially when patients present with excessive bleeding, prolonged

PT and normal Activated Partial Thromboplastin Time (APTT).
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INTRODUCTION
Infection with COVID-19 can manifest with multi-system 
sequelae, including thrombosis and other coagulopathies. 
However, the effects of COVID-19 on specific coagulation 
factors are not well known. In this case, Factor VII deficiency 
was observed in a 14-year-old male pediatric patient who 
presented to the emergency department with active COVID-19 
infection, along with mild thrombocytopenia, active mucosal 
bleeding, prolonged Prothrombin Time (PT) and likely vitamin 
K deficiency. Despite worsening thrombocytopenia, the patient’s 
mucosal bleeding subsided with eventual normalization of his 
coagulation measures following vitamin K supplementation. We 
postulate that due to widespread inflammation from active 
COVID-19 infection, our patient developed vitamin K 
deficiency resulting in acquired Factor VII deficiency. This case 
illustrates a new concept for physicians in that Factor VII 
deficiency should be considered in the setting of COVID-19 
infection, especially when patients present with excessive 
bleeding. The mechanism of systemic inflammation causing 
vitamin K deficiency in the setting of COVID-19 infection 
should be explored in future studies.

CASE PRESENTATION
A 14-year-old male with no known medical history presented to 
the emergency department with a six-day history of fever, nausea, 
bilateral frontal headache and non-bloody diarrhea, which 
progressed to left lower quadrant abdominal pain. The patient 
also reported intermittent epistaxis, two episodes of hematemesis 
and one episode of frank bleeding from his left ear. Additionally, 
he experienced symptoms of cough, congestion and significantly 
decreased oral intake. The patient had tested positive for 
COVID-19 six days prior to the emergency department visit. His 
maximum recorded temperature at home was 103.9°F. There 
were no reported allergies and the patient was not taking any 
medications before presenting to the hospital. He consumed 
regular table food. There was no family history of bleeding 
disorders. On initial assessment, his vital signs included 
temperature of 100.3°F, heart rate of 109 beats per minute, 
respiratory rate of 18 breaths per minute, blood pressure 
of 121/59 mmHg and Oxygen Saturation (SpO2) of 100% on 
room air. Physical examination demonstrated a tired-appearing 
patient with dried blood in his left ear canal and mild to 
moderate tenderness to the left lower quadrant of the abdomen.
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RESULTS AND DISCUSSION
Prolonged PT, thrombocytopenia and mucosal bleeding in the 
setting of novel COVID-19 infection has been documented 
previously; however, the etiologies are yet to be fully elucidated 
[1]. Interestingly, our extensive literature search revealed no 
documented cases of Factor VII deficiency in the setting of 
novel COVID-19 infection. Factor VII is a vitamin K-dependent, 
non-enzymatic cofactor synthesized via the liver and plays an 
important role in the blood coagulation system. Tissue Factor 
(TF) is typically released from damaged endothelium, 
subsequently binding to Factor VII and resulting in the 
production of thrombin and fibrin which are essential for 
hemostasis [2,3]. Diminished Factor VII may result in mucosal 
bleeding, epistaxis and gastrointestinal bleeding as was seen in 
our patient. Congenital Factor VII deficiency is rare (less than 
one case per 500,000 individuals) and is inherited as an 
autosomal recessive trait [4]. Given normalization of our 
patient’s Factor VII following vitamin K administration; a 
congenital Factor VII deficiency is ruled out.

Our patient had a low Factor VII level of 44% (normal reference 
range 74-180) in the context of elevated PT and normal APTT, 
concerning for an acquired Factor VII deficiency contributing to 
clinical bleeding [5]. Acquired low Factor VII deficiency can be 
seen in patients with hepatic dysfunction, vitamin K deficiency 
and in patient taking warfarin. Low levels can also be observed 
in patients with specific factor VII inhibitors and in association 
with homocystinuria and aplastic anemia [4]. The most likely 
etiology for this patient’s low factor VII levels was vitamin K 
deficiency. Factor VII has the shortest half-life of all 
procoagulants, estimated to be about 3 to 6 hours [6]. Hence 
when there is a problem in synthesis, Factor VII is the first to 
decrease followed by decreases in other vitamin K dependent 
cofactors. Vitamin K is a fat-soluble vitamin and is needed for 
carboxylation of Factor VII. Typical causes of vitamin K 
deficiency include gastro-intestinal malabsorption, poor dietary 
intake, liver dysfunction or medications. Cases describing 
vitamin K deficiency secondary to gastrointestinal losses or 
malabsorption note profuse or profound diarrhea [7,8]. It would 
be very abnormal for a previously well patient to develop 
coagulopathy secondary to vitamin K deficiency in the setting of 
3 days of mild diarrhea, as in this patient. We speculate that the 
acquired Factor VII deficiency from low vitamin K as seen with 
our patient was most likely secondary to widespread 
inflammation due to novel COVID-19 infection. Multiple 
studies done in both rat models and humans have time and 
again elucidated the importance of anti-inflammatory and anti-
oxidative properties associated with vitamin K [9-13]. In the 
setting of ongoing inflammation, vitamin K is known to be 
depleted [14]. We came across two recent studies that were done 
in hospitalized COVID-19 positive adults which showed severe 
vitamin K insufficiency [15,16]. However there has yet to be 
sufficient research into the effects of COVID-19 infection on 
inducing vitamin K deficiency, especially in pediatric 
populations. Unfortunately, it is difficult to measure the direct 
vitamin K levels in plasma due to their low circulating levels, the
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The remainder of his examination, including his neurologic 
examination, was unremarkable. Initial laboratory testing 
revealed a leukocyte count of 5000 per cubic millimetre (cmm), 
with neutrophils 85%, lymphocytes 10.6% and a low platelet 
count at 100k per cmm. His C-Reactive Protein (CRP) was 
elevated to 3.6 mg/dl, with a normal Erythrocyte Sedimentation 
Rate (ESR) of 15 mm/hr. The patient was noted to have 
elevated PT and International Normalized Ratio (INR) at 19.5 
secs and 1.72 respectively and elevated D-dimer of 1849 ng/ml. 
Remainder of the labs were normal, including an APTT that 
was normal for the lab in which it was performed. His Chest X-
ray was unremarkable. A Computerized Tomography (CT) scan 
showed findings consistent with acute left-sided maxillary 
sinusitis. The patient received an IV fluid bolus in the 
emergency department and was admitted for dehydration, 
coagulopathy, thrombocytopenia and active mucosal bleeding. 
The patient received oral vitamin K supplementation for 3 days, 
although exact dosing could not be confirmed. It was noted that 
his intermittent epistaxis had stopped after initial doses of 
vitamin K. Augmentin was given for possible left-sided maxillary 
sinusitis. Repeat labs obtained the following day demonstrated 
worsening thrombocytopenia to 81k per cmm. A blood smear 
demonstrated normochromic, normocytic red cells, 
lymphopenia and thrombocytopenia with normal platelet 
morphology. The patient’s PT corrected to within 0.5 seconds of 
normal on mixing study. He had a Factor VII level of 44% with 
reassuring Von Willebrand Factor Assays (VWF). Following the 
two-day admission, he was discharged with instructions to 
complete his vitamin K supplementation and augmentin 
therapy at home. Repeat lab work obtained 1 month following 
discharge showed normalization of Factor VII to 84%, PT to 
14.3 seconds and platelets to 180k per cmm. As we seen in 
(Figure 1).
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Figure 1: Factor VII deficiency from novel COVID-19 infection.



1. Gomez-Mesa JE, Galindo-Coral S, Montes MC, Martin AJ.
Thrombosis and coagulopathy in COVID-19. Curr Probl Cardiol.
2021;46(3):100742.

2. Mackman N. The role of tissue factor and factor VII a in hemostasis.
Anesth Analg. 2009;108(5):1447-1452.

3. Eigenbrot C. Structure, function, and activation of coagulation factor
VII. Curr Protein Pept Sci. 2002;3(3):287-299.

4. Alexander B, Goldstein R, Landwehr G, Cook CD, Addelson E,
Wilson C. Congenital SPCA deficiency: A hitherto unrecognized
coagulation defect with hemorrhage rectified by serum and serum
fractions. J Clin Invest. 1951;30(6):596-608.

5. Factor VII, activity: Arup laboratories test directory. Factor VII,
activity | ARUP laboratories test directory. Accessed. 2023.

6. Kelly C, Sattler S, Schwartz A. Coagulopathy secondary to vitamin K 
deficiency caused by severe diarrhea. Am J Emerg Med. 2014;35(4):
660.e1-660.e2.

7. Bos MH, van‘t Veer C, Reitsma PH. Molecular biology and 
biochemistry of the coagulation factors and pathways of hemostasis. 
Williams Hematol.

8. Bay A, Oner AF, Celebi V, Uner A. Evaluation of vitamin K 
deficiency in children with acute and intractable diarrhea. Adv Ther. 
2006;23(3):469-474.

9. Ohsaki Y, Shirakawa H, Miura A, Giriwono PE, Sato S, Ohashi A, 
et al. Vitamin K suppresses the lipopolysaccharide-induced expression 
of inflammatory cytokines in cultured macrophage-like cells via the 
inhibition of the activation of nuclear factor κB through the repression 
of IKKα/β phosphorylation. J Nutr Biochem. 
2010;21(11):1120-1126.

10. Ohsaki Y, Shirakawa H, Hiwatashi K, Furukawa Y, Mizutani T, 
Komai M. Vitamin K suppresses lipopolysaccharide-induced 
inflammation in the rat. Biosci Biotechnol Biochem. 2006;70(4):
926-932.

11. Fujii S, Shimizu A, Takeda N, Oguchi K, Katsurai T, Shirakawa H, 
et al. Systematic synthesis and anti-inflammatory activity of ω-
carboxylated menaquinone derivatives-investigations on identified and 
putative vitamin K2 metabolites. Bioorg Med Chem. 2015;23(10): 
2344-2352.

12. Suleiman L, Negrier C, Boukerche H. Protein S: A multifunctional 
anticoagulant vitamin K-dependent protein at the crossroads of 
coagulation, inflammation, angiogenesis, and cancer. Crit Rev Oncol 
Hematol. 2013;88(3):637-654.

13. Shea MK, Booth SL, Massaro JM, Jacques PF, D'Agostino Sr RB, 
Dawson-Hughes B, et al. Vitamin K and vitamin D status: 
Associations with inflammatory markers in the framingham offspring 
study. Am J Epidemiol. 2008;167(3):313-320.

14. Kuwabara A, Tanaka K, Tsugawa N, Nakase H, Tsuji H, Shide K, 
et al. High prevalence of vitamin K and D deficiency and decreased 
Bone Mineral Density (BMD) in inflammatory bowel disease. 
Osteoporos Int. 2009;20:935-942.

15. Dofferhoff AS, Piscaer I, Schurgers LJ, Visser MP, van den 
Ouweland JM, de Jong PA, et al. Reduced vitamin K status as a 
potentially modifiable risk factor of severe coronavirus disease 2019. 
Clin Infect Dis. 2021;73(11):e4039-e4046.

16. Desai AP, Dirajlal-Fargo S, Durieux JC, Tribout H, Labbato D, 
McComsey GA. Vitamin K and D deficiencies are independently 
associated with COVID-19 disease severity. Open Forum Infect Dis. 
2021;8(10):ofab408.

17. Fusaro M, Gallieni M, Rizzo MA, Stucchi A, Delanaye P, Cavalier 
E, et al. Vitamin K plasma levels determination in human health. 
Clin Chem Lab Med. 2017;55(6):789-799.

18. Gauer RL, Braun MM. Thrombocytopenia. Am Fam Physician. 
2012;85(6):612-622.

Fincher A, et al.

non-polar characteristics of vitamin K and their interference 
with lipids [17]. Vitamin K status is usually assessed by indirect 
measurement when clinically indicated including prothrombin 
time or by measurement of under carboxylated proteins. Sample 
preparations for direct measure of vitamin K analysis remains 
difficult and requires highly specialized laboratories.

Regarding the patient’s mild thrombocytopenia of 100k per 
cmm, this was likely a consequence of viral suppression. In the 
absence of any dermatologic findings, spontaneous bleeding 
from mucosal surfaces would be rare. Internal bleeding is usually 
seen with severely low platelet levels below 50k per cmm [18]. 
The Factor VII deficiency due to vitamin K deficiency in the 
setting of active COVID-19 infection may have been the most 
important contributor to the bleeding given that after initiation 
of oral vitamin K, the patient had cessation of his mucosal 
bleeding despite a downtrend in his platelet count.

CONCLUSION
Factor VII deficiency should be considered in the setting of 
COVID-19 infection when a patient presents with excessive 
bleeding along with a prolonged PT and a normal APTT. The 
etiology of Factor VII deficiency is likely acquired due to a 
systemic consumption of vitamin K through inflammatory 
processes associated with COVID-19 infection. Further research 
should be directed towards the understanding of these 
intriguing and relevant pathologies. We postulate that due to 
widespread inflammation from active COVID-19 infection, our 
patient developed vitamin K deficiency resulting in acquired 
Factor VII deficiency. The mechanism of systemic inflammation 
causing vitamin K deficiency in the setting of COVID-19 
infection should be explored in future studies.
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