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Abstract: Scorbutus, a clinical condition involving severe L-ascorbic acid deficiency, is one of the oldest documented nutritional
pathologies in human history. While historically synonymous with the Age of Discovery and the tribulations of maritime
exploration, the disease remains a relevant clinical entity in contemporary medicine. L-ascorbic acid setves as an indispensable
cofactor for prolyl and lysyl hydroxylases, which are fundamental to the post-translational modification and structural stability of
collagen. The absence of this micronutrient precipitates a systemic failure in connective tissue integrity, resulting in characteristic
symptoms such as perifollicular hemorrhage, gingival degradation, dental mobility, and impaired cicatrization. Eatly interventions,
most notably the controlled experiments conducted by James Lind in the eighteenth century, identified citrus fruits as potent
antiscorbutics, though the biochemical mechanisms remained elusive until the isolation of vitamin C in the early twentieth
century. Current epidemiological trends indicate that modern cases are predominantly associated with psychiatric disorders,
restrictive dietary patterns, malabsorption syndromes, and socioeconomic disparities. Diagnosis is primarily achieved through
clinical suspicion and detailed dietary anamnesis, often confirmed by the rapid resolution of physiological anomalies following
targeted supplementation. Management is effectively attained through the oral administration of ascorbic acid, yet public health
surveillance is necessary to mitigate risks in vulnerable populations, including the elderly, chronic smokers, and pediatric patients
with neurodivergent-associated food selectivity. Modern food processing techniques and lifestyle variables significantly influence
the bioavailability of vitamin C, requiring strict dietary guidelines and sustained clinical vigilance to prevent the morbidity
associated with this entirely avoidable metabolic disorder.
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1. Introduction

Scorbutus is a metabolic condition arising from a profound and sustained deficiency of vitamin C, an essential micronutrient that
the human body cannot synthesize endogenously due to the evolutionary loss of the enzyme L-gulonolactone oxidase [1]. Unlike
the vast majority of mammals that possess the genetic machinery to convert glucose into ascorbate, humans, along with other higher
primates and guinea pigs, are entirely dependent on exogenous dietary sources. This evolutionary quirk makes our species particularly
vulnerable to environments where fresh produce is absent or inaccessible, rendering the human body reliant on a continuous supply
of this labile micronutrient to maintain physiological homeostasis. This clinical state leads to a systemic disruption of connective
tissue maintenance, manifesting through a constellation of symptoms including capillary fragility, musculoskeletal pain, and
significant hematological abnormalities [2]. The fundamental pathology is rooted in the failure of post-translational modifications
of collagen, which effectively serves as the structural scaffold for the entire human body. Without ascorbate to maintain iron in its
reduced ferrous state, the hydroxylases responsible for stabilizing the collagen triple helix become inactive, leading to the rapid
degradation of blood vessels, skin, and bones.

Historically, the disease was a leading cause of mortality among sailors and explorers on long-duration voyages, where the lack of
fresh produce rendered entire crews incapacitated. During the Age of Discovery, scurvy was feared more than shipwreck or naval
combuat, as it could decimate a ship's complement within months of leaving port. The "plague of the sea" was so pervasive that it
dictated the success or failure of empires, yet the etiology remained shrouded in humoral theories and myths for centuries. Despite
the successful eradication of large-scale outbreaks through the implementation of citrus-based preventive measures in the eighteenth
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century, the condition has not been relegated to history. The narrative of scurvy has merely shifted from the high seas to the
neglected corners of modern society, where nutritional insecurity and lifestyle choices create new pockets of vulnerability in
otherwise affluent nations.

In the modern medicine, scurvy appears sporadically, often masked by other clinical conditions or misdiagnosed as vasculitis or
hematological malignancy [3]. Because many contemporary clinicians petrceive scorbutus as a "disease of the past," they often
overlook its pathognomonic signs, such as perifollicular hemorrhage and corkscrew hairs, in favor of more complex autoimmune
or oncological diagnoses. This lack of clinical awareness frequently results in extensive, costly, and invasive testing before a
nutritional etiology is considered. It is frequently observed in populations with limited access to nutrient-dense foods, those with
severe psychiatric illness, or individuals suffering from alcohol use disorder and malabsorption [1,2]. These "modern masks" of
scurvy present a significant diagnostic challenge, as the systemic inflammatory response can mimic various dermatological and
rheumatological disorders.

The stability of vitamin C is sensitive to heat and oxidation, meaning that even in societies with food abundance, improper
preparation and high reliance on ultra-processed goods can lead to subclinical or clinical deficiencies. The "tea and toast" diet of the
isolated elderly, the highly selective dietary patterns of neurodivergent pediatric populations, and the rising consumption of calorie-
dense but nutrient-poor fast foods represent modern etiologies of a disease once synonymous with maritime exploration. Clinicians
must maintain a high index of suspicion when encountering patients with unexplained purpura and gingival swelling, as the timely
recognition of this nutritional deficit allows for rapid and complete recovery, preventing potentially fatal complications such as high-
output heart failure or sudden cardiac arrest [4]. Education, surveillance, and a return to fundamental nutritional awareness remain
the primary defenses against the resurgence of this ancient yet ever-present metabolic pathology.

2. Historical Perspectives of Scorbutus

2.1. Early Clinical Records and Ancient Observations

Recorded observations of scorbutic symptoms date back to antiquity, with descriptions appearing in the Ebers Papyrus of ancient
Egypt around 1500 BCE. These early texts detailed conditions involving gingival bleeding and skin hemorrhages that were likely
early encounters with ascorbic acid deficiency [5]. Hippocrates also documented a condition among soldiers characterized by heavy
limbs and bleeding gums, suggesting that the disease has plagued human populations long before it became associated with maritime
travel [6]. Throughout the Middle Ages, sporadic accounts of "land scurvy" were noted during sieges and famines, yet the lack of a
systematic etiological framework prevented a cohesive medical response during these periods [7].
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Figure 1. Historical Evolution of Scorbutus Milestones
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2.2. The Maritime Crisis and the Age of Discovery

The prevalence of the disease surged during the Renaissance as Furopean powers engaged in transoceanic exploration. The
transition from coastal navigation to months-long voyages across the Atlantic and Indian Oceans meant that sailors subsisted on a
diet of salted meat and dry biscuits, devoid of any fresh vegetation [8]. It is estimated that scurvy claimed the lives of over two
million sailors between the fifteenth and eighteenth centuries, often killing more men than naval combat or shipwrecks [9]. Vasco
da Gama and Ferdinand Magellan both reported devastating losses during their expeditions, with da Gama losing nearly two-thirds
of his crew to the "plague of the sea" during his journey to India [10].

2.3. The Conquest of Scurvy

The turning point in the management of the disease occurred in 1747, when Scottish naval surgeon James Lind conducted what is
widely recognized as one of the first controlled clinical trials in medical history [11]. Lind divided twelve scorbutic sailors into six
pairs, providing each pair with a different dietary supplement: cider, vitriol, vinegar, seawater, a medicinal paste, or two oranges and
a lemon daily. The pair receiving citrus fruits showed a miraculous recovery within days, providing empirical evidence for the
antiscorbutic properties of fresh fruit [12]. Despite Lind’s findings, it took several decades for the British Admiralty to implement a
mandatory ration of lemon juice across the fleet. By the late 1790s, the official issuance of citrus juice virtually eliminated scurvy
within the Royal Navy, a development that significantly bolstered British naval supremacy during the Napoleonic Wars [13].

Table 1. Impact of Processing and Preparation on Vitamin C Retention

Preparation Method | Estimated Nutrient Loss (%) Primary Factor of Degradation

Raw / Unprocessed 0% Baseline for retention.

Steaming 10%—15% Minimal exposure to heat and water leaching,.
Microwaving 15%—-20% Rapid heating reduces total exposure time.
Stir-frying 20%—-25% High heat for short duration; minimal leaching.
Boiling (in water) 35%—60% Significant leaching into water and thermal oxidation.
Dehydration (Heat) 50%—80% Sustained exposure to oxygen and moderate heat.
Canning 60%—85% Extensive thermal processing and storage duration.

3. Biochemical Mechanisms and Pathophysiology

3.1. The Essentiality of L-Ascorbic Acid in Humans

L-ascorbic acid acts as a potent reducing agent and an essential cofactor for numerous enzymatic reactions. Most mammals can
convert glucose into ascorbic acid via the uronic acid pathway; however, humans, higher primates, and guinea pigs possess a non-
functional GULO gene, making them entirely dependent on dietary intake [14]. Once ingested, vitamin C is absorbed in the distal
small intestine through sodium-dependent vitamin C transporters (SVCT1 and SVCTZ2). It maintains a high concentration in tissues
with high metabolic activity, such as the adrenal glands, brain, and leukocytes, where it serves as a critical antioxidant, neutralizing
reactive oxygen species generated during cellular metabolism [15].
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Figure 2. Systemic Absorption and Distribution of Vitamin C
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3.2. Role in Collagen Biosynthesis and Tissue Integrity

The most critical physiological function of vitamin C is its role in the post-translational modification of collagen, the primary
structural protein of the human body. Collagen stability requires the hydroxylation of proline and lysine residues within the
polypeptide chains [16]. This reaction is catalyzed by prolyl-4-hydroxylase and lysyl hydroxylase, both of which require Fe2+ as a
cofactor. Ascorbic acid maintains the iron in its reduced ferrous state, allowing the enzymes to remain active [17]. In the absence of
sufficient ascorbate, the resulting collagen fibers are under-hydroxylated, leading to a reduction in the melting temperature of the
triple helix and subsequent structural instability [18]. This failure in collagen cross-linking manifests as capillary wall fragility, leading
to the hallmark perifollicular hemorrhages and bruising seen in clinical scurvy [19].

( Severe L-Ascorbic Acid Deficiency }

Inactivation of Prolyl & Lysyl
Hydroxylases (Fe2+ Oxidation)

|

Impaired Post-Translational
Hydroxylation of Collagen

l

( Defective Collagen Triple Helix }

(Structural Instability)

|
- -

Capillary Basement Membrane ] [ Impaired Wound Cicatrization

Fragility (Hemorrhage) & Dental Mobility

Figure 3. Pathophysiological Mechanism of Scorbutus
3.3. Influence on Iron Homeostasis and Neurotransmitter Metabolism

Beyond structural integrity, vitamin C plays a vital role in systemic metabolism, particulatly in the absorption of non-heme iron. By
reducing ferric iron (Fe3+) to ferrous iron (Fe2+) in the acidic environment of the stomach, it enhances the bioavailability of iron
from plant-based sources [20]. Ascorbate is a necessary cofactor for dopamine beta-hydroxylase, the enzyme responsible for the
conversion of dopamine into norepinephrine. This explains the early psychological symptoms of scurvy, such as lethargy, depression,
and irritability, which often precede the physical manifestations of the disease [21]. The micronutrient also participates in carnitine
biosynthesis, which is essential for the transport of long-chain fatty acids into the mitochondria for ATP production; thus, a
deficiency leads to the profound fatigue characteristic of the scorbutic state [22].

4. Clinical Presentation of Scorbutus

4.1. Early Manifestations and Dermatological Indicators

The clinical onset of scorbutus follows a period of depletion typically lasting between one and three months, depending on the
initial body stores of L.-ascorbic acid [23]. Initial symptoms are often non-specific, characterized by profound malaise, lethargy, and
emotional lability, which result from impaired neurotransmitter production and carnitine depletion [24]. As the deficiency
progresses, dermatological signs become the primary clinical indicators. Perifollicular hemorrhage, localized predominantly on the
lower extremities, serves as a classic sign of the disease. These lesions occur due to the failure of the capillary basement membrane
and perivascular collagen, leading to the leakage of erythrocytes into the surrounding tissue [25]. Another pathognomonic finding
is the presence of "corkscrew" hairs, where the hair shaft becomes fragmented and coiled within the follicle due to the distruption
of disulfide bond formation in the absence of vitamin C [20].
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Table 2. Clinical Progression and Symptomatology of Scorbutus

Phase of Duration of Clinical Manifestations and Physiological Indicators
Deficiency Depletion
Initial Phase 1—4 Weeks Non-specific lethargy, fatigue, irritability, and decreased appetite.
Intermediate Phase | 4-8 Weeks Perifollicular hemotrhage, xerosis, hyperkeratosis, and "corkscrew" hairs.
Advanced Phase 8—12 Weeks Gingival swelling, spontaneous bleeding, dental mobility, and intense myalgia.
Terminal Phase >12 Weeks Massive edema, hemarthrosis, old wound dehiscence, cardiac failure, and
sudden death.

4.2. Oral and Musculoskeletal Pathologies

The oral manifestations of scorbutus are among its most debilitating features. Gingival tissues, which require high rates of collagen
turnover, exhibit significant degradation. Patients present with gingival hyperplasia, where the gums appear swollen, friable, and
assume a deep purple or bluish hue [27]. In advanced states, spontaneous hemorrhage occurs from the gingival margins, often
accompanied by secondary bacterial infections, leading to halitosis and eventual tooth loss due to the weakening of the periodontal
ligaments [28]. Musculoskeletal involvement is equally prominent, particularly in pediatric populations where subperiosteal
hemorrhage leads to intense bone pain and the refusal to bear weight [29]. Adult patients frequently report myalgia and hemarthrosis,
as the lack of structural support in the joint capsule precipitates internal bleeding even after minor physical exertion [30].

4.3. Advanced Complications and Hematological Anomalies

Systemic progression leads to severe impairments in cicatrization and wound stability. Old scars may undergo dehiscence, and new
wounds fail to close due to the inability of fibroblasts to produce a stable extracellular matrix [31]. Hematologically, anemia is
observed in approximately 75% of clinical cases. The etiology of this anemia is multifactorial, involving blood loss from internal
hemorrhages, impaired iron absorption, and a concomitant folate deficiency often found in populations with restrictive diets [32].
If the condition remains unaddressed, the patient may suffer from sudden cardiac arrest or high-output heart failure, potentially
linked to impaired myocardial collagen structure or extreme vasomotor instability [33].

5. Contemporary Epidemiology and Risk Determinants

5.1. High-Risk Demographics and Socioeconomic Variables

In the twenty-first century, scorbutus is no longer an epidemic of the high seas but a localized pathology associated with specific
demographic vulnerabilities. Socioeconomic deprivation remains a primary driver, as the cost and accessibility of fresh produce can
limit the intake of vitamin C in urban and rural "food deserts" [34]. Older adults living in isolation often succumb to the "tea and
toast" diet, which provides sufficient calories but lacks essential micronutrients [35]. Additionally, individuals with sevete psychiatric
conditions, including schizophrenia or major depressive disorder, may experience significant dietary neglect, leading to acute
nutritional crises [36].

Table 3. Contemporary Risk Factors and Mechanisms of Depletion

Risk Category
Psychosocial
Neurodivergent | Autism Spectrum Disorder

Specific Determinant Primary Pathophysiological Mechanism
Severe Depression / Schizophrenia | Extreme dietary neglect and lack of nutritional vatiety.
ARFID-associated food selectivity (avoidance of produce textures).

Lifestyle Chronic Tobacco Use High oxidative stress leading to accelerated ascorbate turnover.
Metabolic Alcohol Use Disorder Impaired intestinal absorption and increased urinary excretion.
Medical Chronic Hemodialysis Loss of water-soluble vitamins during the filtration process.
Gastrointestinal | Crohn's Disease / Bariatric Surgery | Malabsorption due to mucosal damage or reduced gastric acidity.

5.2. Lifestyle Factors

Lifestyle choices significantly modulate the metabolic demand for L-ascorbic acid. Chronic tobacco use induces high levels of
oxidative stress, leading to an increased metabolic turnover of vitamin C. Consequently, smokers require an additional 35 mg per
day beyond the standard recommended allowance to maintain adequate plasma levels [37]. Alcohol use disorder presents a dual
insult to vitamin C status; it is frequently associated with poor dietary intake and simultaneously inhibits the intestinal absorption of
the micronutrient [38]. Chronic alcohol consumption increases urinary excretion of ascorbate, rapidly depleting systemic stores and
accelerating the onset of clinical symptoms [39].
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5.3. Clinical Vulnerability in Chronic Disease and Pediatric Populations

Specific medical conditions and treatments predispose patients to scorbutus. Patients undergoing chronic hemodialysis are at risk
because vitamin C is a water-soluble molecule easily cleared during the filtration process, necessitating routine supplementation [40].
Malabsorption syndromes, such as Crohn's disease or celiac disease, can also impair the uptake of L-ascorbic acid in the ileum [41].
In pediatric medicine, a rising incidence of scorbutus has been noted in children with autism spectrum disorder or other sensory
processing issues. These patients often exhibit extreme food selectivity, avoiding the textures or tastes associated with fresh fruits
and vegetables, which results in a dangerously restricted micronutrient profile [42].

6. Diagnostic Challenges in the Modern Clinical Setting

6.1. Clinical Suspicion vs. Differential Diagnosis

The primary obstacle to the diagnosis of scorbutus in modern clinical practice is the lack of familiarity among medical professionals.
Because the disease is perceived as a historical relic, its symptoms are frequently attributed to other etiologies. Perifollicular purpura
and ecchymosis are often misidentified as systemic vasculitis, such as Henoch-Schénlein purpura, or misinterpreted as signs of
hematological malignancies or coagulopathies [43]. This diagnostic error often leads to unnecessary and invasive procedures,
including skin biopsies and bone marrow aspirations, which could be avoided through a thorough dietary anamnesis [44].

6.2. Laboratory Assessment and Physiological Biomarkers

While the diagnosis is largely clinical, laboratory confirmation involves the measurement of plasma or leukocyte ascorbic acid levels.
Plasma levels below 11 pmol/L (0.2 mg/dL) are generally indicative of a clinical deficiency [45]. Howevert, plasma concentrations
reflect recent dietary intake and may appear normal if a patient consumed a vitamin-enriched product shortly before testing, even if
body stores remain depleted. A more accurate reflection of tissue stores is the measurement of leukocyte vitamin C levels, though
this test is technically demanding and rarely available in standard clinical laboratories [46]. Therefore, the most definitive diagnostic
tool in many settings remains the therapeutic trial; the rapid resolution of symptoms specifically the cessation of spontaneous
bleeding and improvement in mood within 24 to 48 hours of high-dose oral supplementation provides retrospective confirmation
of the disease [47].

7. Nutritional Management and Therapeutic Protocols

7.1. Oral Supplementation and Recovery Kinetics

The primary therapeutic objective in the management of scorbutus is the rapid restoration of total body L-ascorbic acid stores. For
adult patients, oral administration is the preferred route due to its high bioavailability and safety profile. Typical regimens involve
the administration of 500 mg to 1000 mg of ascorbic acid daily for a period of one to two weeks, or until clinical symptoms resolve,
followed by a maintenance dose of 100 mg daily [48]. In pediatric cases, dosages are often adjusted based on age and weight, typically
ranging from 100 mg to 300 mg daily [49]. The physiological response to supplementation is remarkably rapid; subjective
improvements in malaise and pain are often reported within 24 hours, while dermatological and gingival hemorrhages typically cease
within 72 hours. Bone pain and subperiosteal hematomas resolve more gradually, often requiring several weeks of sustained
nutritional support [50].

Table 4. Age-Specific Recommended Dietary Allowances (RDA) for Vitamin C

Demographic Group Life Stage Recommended Daily Allowance (mg)
Infants 0—6 months 40 (AT*)

Infants 7—12 months 50 (AI*)

Children 1-3 years 15

Children 4-8 years 25

Children 9—13 years 45

Adolescents (Male) 1418 years 75

Adolescents (Female) | 14-18 years 65

Adults (Male) 19+ years 90

Adults (Female) 19+ years 75

Pregnancy 19+ years 85

Lactation 19+ years 120

Smokers All adult groups | +35 mg over standard RDA

*AI: Adequate Intake
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Figure 4. Clinical Diagnostic and Management Workflow

7.2. Dietary Diversification and Micronutrient Stability

Beyond acute supplementation, long-term management requites the integration of vitamin C-rich foods into the daily diet. Fresh
produce remains the most effective source, with high concentrations found in citrus fruits (oranges, lemons, grapeftuits), kiwifruit,
strawberries, bell peppers, broccoli, and tomatoes [51]. It is crucial to advise patients on food preparation techniques, as vitamin C
is the most labile of all vitamins. Its concentration diminishes significantly with exposure to heat, light, and water. Boiling vegetables
can lead to a loss of 20% to 50% of the vitamin content through leaching and thermal degradation [52]. Consequently, steaming,
microwaving, or consuming produce in its raw state is recommended to maximize micronutrient retention [53].

Table 5. Concentrated Dietary Sources of L-Ascorbic Acid

Food Source (Raw) | Average Vitamin C Content (mg/100g) | % Daily Value (Adult Male)
Kakadu Plum 10005000 1100%—5500%
Acerola Cherry 1600 1777%

Guava 228 253%
Blackcurrants 181 201%

Red Bell Pepper 128 142%
Kiwifruit 93 103%

Broccoli 89 98%

Papaya 60 66%
Strawberties 59 65%

Orange 53 58%

Lemon 53 58%

8. Public Health Interventions and Preventive Measures

8.1. Surveillance of Vulnerable Populations

Effective prevention of scorbutus necessitates active nutritional surveillance by healthcare providers and public health agencies.
Given the prevalence of subclinical deficiency in specific subgroups, screening for dietary habits should be a routine component of
clinical assessments, particularly for patients with a history of alcohol use disorder, extreme poverty, or social isolation [54]. In
institutional settings such as nursing homes and psychiatric facilities, the quality of dietary offerings must be monitored to ensure
they meet the minimum physiological requirements for ascorbic acid [55].
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8.2. Educational Programs and Food Security Policies

Public health initiatives should focus on community-level education regarding the essentiality of micronutrients. School-based
programs that encourage the consumption of diverse fruits and vegetables have shown success in improving the nutritional status
of pediatric populations [56]. Addressing "food deserts" through urban agticulture and subsidies for fresh produce can mitigate the
socioeconomic bartiers to a balanced diet [57]. For populations in low-income regions or those affected by conflict and famine, the
fortification of staple foods and the distribution of micronutrient powders serve as vital temporary measutes to prevent outbreaks
of nutritional diseases [58].

9. Global Perspectives and Emerging Trends

9.1. The Persistence of Scurvy in Resource-Limited Areas

In low- and middle-income countries, scorbutus frequently occurs in the context of humanitarian crises and displacement. Refugee
camps often provide rations composed of grains and legumes, which lack vitamin C. Without the systematic provision of fresh
produce or fortified supplements, these populations are at high risk for clinical outbreaks [59]. Global health organizations
emphasize the need for integrated nutrition programs that address not only caloric intake but also the specific micronutrient needs
of pregnant women, children, and the elderly in these precarious environments [60].

9.2. Subclinical Deficiency and Chronic Health Implications

Current research is increasingly focused on the implications of subclinical vitamin C deficiency, or hypovitaminosis C, which affects
a significantly larger portion of the global population than overt scorbutus. Lower-than-optimal plasma levels of ascorbate have
been linked to increased markers of inflammation, impaired immune response, and a potential increase in the risk of cardiovascular
pathologies [61]. As the understanding of the antioxidant role of vitamin C expands, it becomes evident that maintaining optimal
levels is essential for long-term health, beyond the mere prevention of scorbutic symptoms [62].

10. Conclusion

Scorbutus remains a paradoxical disease in the modern era entirely preventable and easily treated, yet persistently present in clinical
practice. The transition from a maritime scourge to a localized pathology of the vulnerable reflects broader socioeconomic and
lifestyle shifts. The fundamental reliance of human physiology on dietary L-ascorbic acid for collagen stability and metabolic health
means that even minor disruptions in dietary intake or absorption can lead to significant morbidity. Clinicians must maintain
vigilance, particularly when managing patients with restrictive diets, psychiatric illnesses, or chronic metabolic stress. The medical
community can ensure the timely recognition and management of this disorder by utilizing historical lessons with contemporary
biochemical knowledge. Public health efforts must prioritize food security, nutritional education, and targeted screening to eliminate
the risk of scorbutus in both developed and resource-limited societies.
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