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CASE DESCRIPTION  
 
A 49-year-old-woman presented to the hospital emergency department with complaints of severe pain in 
the right upper quadrant of the abdomen that had started the evening before. She experienced a 
continuous stabbing pain that was aggravated by deep breathing. She did not display any signs of 
shortness of breath, fever, nausea, or vomiting. Physical examination confirmed a localized tenderness 
upon abdominal palpation, with no other abnormalities noted. Initial laboratory investigations into liver 
function showed slightly increased alanine aminotransferase [45 U/L (reference interval [RI]: 0–35)] and 
alkaline phosphatase at 168 U/L (RI: 0–120) activities, whereas the other liver function tests, including 
gamma-glutamyltransferase, aspartate aminotransferase, and total bilirubin were within the reference 
intervals. Furthermore, pancreas-specific amylase activity was only slightly increased at 78 U/L (RI: 13– 
53). These results made it unlikely that the abdominal pain was due to acute liver disease or pancreatitis. 
Kidney function appeared normal, based on an estimated glomerular filtration rate of >90 mL/min/1.73 
m2 and normal urinalysis. As the abdominal pain was exacerbated by deep breathing, a D-dimer test was 
performed and returned a normal result [0.3 mg/L (RI: 0.0–0.5)], which excluded pulmonary embolism. A 
chest X-ray was performed and showed no signs of pneumonia or a pneumothorax. A serum C-reactive 
protein concentration was only mildly elevated at 14 mg/L (RI: 0–5 mg/L). 
 
A complete blood count showed a severe neutropenia [0.6 ×109/L (RI: 1.5–7.5)], lymphopenia [0.4 ×109/L 
(RI: 1.0–2.8)], and a normocytic anemia [hemoglobin of 8.38 g/dL (RI: 12.09–16.11) with a mean 
corpuscular volume of 90 fL (RI: 80–100)]. The platelet count was near normal [403 ×109/L (RI: 150– 
400)]. Microscopic analysis showed no abnormalities in leukocyte morphology. Anisocytosis was observed 
for the red blood cells. The cytopenias present in this patient raised suspicion for bone marrow failure. 
The patient was hospitalized, and a more extensive medical history was obtained. She described that prior 
to this recent presentation, she began having serious symptoms of fatigue, stomach complaints, and 
urinary incontinence. At the time, there had not been a detailed investigation by a clinician. She also had 
been experiencing periods of night sweats but no unwanted weight loss. For these reasons, 9 years ago, 
she started taking a range of supplements in consultation with an alternative medicine doctor. The 
patient noticed that her symptoms improved as she was using the supplements and continued 
supplementation based on the severity of the complaints. 
 

CASE FOLLOW-UP  
 
The severe hematological abnormalities observed in this patient strongly indicated a case of acquired 
bone marrow failure. There are various causes for acquired bone marrow failure, and as such, an 
extensive differential diagnosis exists (Table 1). The more frequent causes of bone marrow failure were 
excluded with routine laboratory testing. Her decreased red and white blood cell counts were not caused 
by deficiencies in iron [ferritin was 118 μg/L (RI: 10–200)], folic acid [> 45 nmol/L (RI: 7–44)], or vitamin 
B12 [1386 pmol/L (RI: 140–490)]. Serological testing showed that the patient did not have an ongoing 
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cytomegalovirus or human immunodeficiency virus infection but did indicate IgG antibodies against 
Epstein-Barr virus, suggesting she had experienced an Epstein-Barr virus infection in the past. Cytopenia 
due to hematological malignancies, such as myelodysplastic syndrome, was considered. However, as the 
patient’s medical history revealed that she was using supplements, further diagnostic evaluation in this 
direction and more comprehensive information regarding supplement use were collected. 
 
The supplements that the patient was taking varied in types and amounts. She ingested zinc supplements 
on a daily basis, ranging from 0 to 75 tablets of 50 mg, which equals more than 500 times the  
recommended daily amount for women according to the Health Council of the Netherlands (1). She also 
took unspecified amounts of pyridoxal-5-phosphate (the most biologically active form of vitamin B6), 
magnesium, and manganese on a daily basis. In addition, she occasionally took vitamin B12, folic acid 
vitamin complex, copper supplements, and other supplements. 
 
Laboratory testing of her mineral status confirmed substantially elevated levels of zinc [37.1 μmol/L (RI: 
10.0–18.0)], together with undetectable low levels of copper [< 0.3 μmol/L (RI: 10.0–24.0)] and the 
coppertransporting protein ceruloplasmin [<0.02 g/L (RI: 0.20–0.60)]. As it was recognized that a copper 
deficiency induced by excessive zinc supplementation could be the cause of the patient’s severe 
hematological abnormalities, the patient was instructed to stop taking supplements. A more detailed 
investigation into the cause of bone marrow failure, including a bone marrow biopsy, was considered if 
hematological parameters did not improve. 
 
Discontinuation of supplementation intake led to rapid improvement of the cytopenias. Her lymphopenia 
was normalized within 12 days, whereas the (more extensive) neutropenia was alleviated within 33 days. 
Her hemoglobin concentration improved significantly within 26 days but remained slightly below the 
reference interval. The cytopenias improved without the need for any copper supplementation, which 
might have otherwise accelerated recovery. Although the patient admitted to taking small amounts of 
supplements again after a few weeks, her mineral status normalized over time. Her blood copper levels 
were back within the reference interval within 79 days, whereas her zinc levels remained elevated until 
164 to 205 days after discontinuation of supplementation (Fig. 1). 
 
 

    
Continued on the next page…. 

QUESTIONS TO CONSIDER 
1. What are the general causes for acquired bone marrow failure that need to be considered? 
2. Which diagnostic steps and laboratory tests are needed to determine the etiology of 

cytopenia? 
3. How could supplement use be related to acquired bone marrow failure? 
4. What are the potential risks of supplement use for an extended period of time, and which 

supplements require the most caution? 
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Final Publication and Comments 
 
The final published version with discussion and comments from the experts will appear in 
the November 2025 issue of Clinical Chemistry. To view the case and comments online, go to 
https://academic.oup.com/clinchem/issue/71/11  and follow the link to the Clinical Case 
Study and Commentaries. 
 
Educational Centers  
If you are associated with an educational center and would like to receive the cases and 
questions 1 month in advance of publication, please email clinchemed@myadlm.org.       
 
All previous Clinical Case Studies can be accessed and downloaded online at 
https://www.myadlm.org/science-and-research/clinical-chemistry/clinical-case-studies.  
 
ADLM (formerly AACC) is pleased to allow free reproduction and distribution of this Clinical 
Case Study for personal or classroom discussion use. When photocopying, please make sure 
the DOI and copyright notice appear on each copy. 
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ADLM (formerly AACC) is a leading professional society dedicated to improving healthcare through laboratory 
medicine. Its nearly 10,000 members are clinical laboratory professionals, physicians, research scientists, and others 
involved in developing tests and directing laboratory operations. ADLM brings this community together with programs 
that advance knowledge, expertise, and innovation. ADLM is best known for the respected scientific journal Clinical 
Chemistry and the world’s largest conference on laboratory medicine and technology. Through these and other programs, 
ADLM advances laboratory medicine and the quality of patient care. 
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