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Background: The elevation of serum procalcitonin (PCT) has been considered as a marker of systemic bacterial infection and sepsis.
However, the marked elevation of PCT in non-sepsis conditions was rare. Here, we report a rare case of sustained markedly elevation
of serum PCT in a dialysis patient with tuberculosis, but without the evidence of sepsis.

Case Presentation: A 25-year-old man on maintenance hemodialysis was admitted to the hospital for kidney transplantation. On
admission, physical examination revealed multiple lymph nodes were palpable on both sides of the neck which was later confirmed as
tuberculosis with biopsy pathology. On the 3rd day after admission, the patient suffered from fever with a temperature of 38.8°C. The
white blood cells 12.35 x 10°/L and the PCT level was 5.73 ng/mL. Lately the PCT increased to 63.10 ng/mL, and the level of
C-reactive protein was 186.00 mg/L. After the antibiotics upgraded from cefmetazole to meropenem, and vancomycin was added, the
body temperature dropped to the normal range on the 17th day and remained normal thereafter. The PCT level declined gradually to
4.18 ng/mL on the 21st day and an antituberculosis regimen was started. After that, the PCT levels fluctuated between 2.9 ng/mL and
94.9 ng/mL without any manifestation of sepsis. The markedly elevation of serum PCT level persisted despite normal C-reactive
protein level and leukocyte counts.

Conclusion: Persistently elevated serum PCT level might occur in conditions without evidence of sepsis. Taking consideration of multiple
inflammatory factors to determine infection when the markedly elevated PCT level was not correlated with the clinical manifestations.
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Background

As the precursor of calcitonin, procalcitonin (PCT) regulates the calcium homeostasis in organisms.' PCT is composed of
116 amino acids. In physiological conditions, PCT was thought to be synthesized by thyroid C cells, and the blood
concentration of PCT was very low (typically < 0.05 ng/mL). When bacterial infections occurred, especially for systemic
infections and sepsis, an extra-thyroid synthesis of PCT will be induced in several organs, including the lung, liver,
pancreas, kidney, and intestine, as well as in leukocytes. The circulating PCT could be enhanced from 100-fold to 10,000-
fold over.” The elevated PCT in plasma (generally more than 0.5 ng/mL) have been considered as a marker of systemic
bacterial infection and could facilitate the differentiating bacterial from viral disease. In addition, the PCT level was
found to decline during the recovery of infection. The magnitude of elevated PCT levels is often correlated with the
severity of infections, where PCT was widely accepted as an indicator for antibiotic usage or early cessation in clinic.®>”’
Of note, the elevated PCT may also be found in some non-infectious conditions, such as trauma, surgery, still syndrome,

Infection and Drug Resistance 2022:15 5161-5166 5161
Received: 17 June 2022 © 2022 Luo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at httpx / Iwww.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati nc/3.0/). By accessing the work

Accepted: 26 August 2022
Published: 2 September 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-8327-7969
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Luo et al Dove

medullary thyroid carcinoma, and renal dysfunction. However, the PCT level in these cases was not high (often less than
10 ng/mL).® Here, we reported a rare case of the sustained markedly elevation of PCT level in a maintained dialysis
patient with tuberculosis, but without the evidence of sepsis.

Case Presentation

A 25-year-old Chinese man presented with the edema of the lower limbs and kidney dysfunction two years ago. The
patient was then diagnosed as IgA nephropathy, based on the pathologic result of renal biopsy. The serum creatinine level
was 222 pumol/L at that time. One year ago, the serum creatinine was increased to more than 600 umol/L and regular
hemodialysis was initiated. The patient was admitted to our hospital in August 2020 for kidney transplantation. On
admission, physical examination revealed that multiple lymph nodes were palpable on both sides of the neck, which were
painless and mobile. The maximal one with a size of 5 cm %3 cm was on the right supraclavicular fossa of the neck. The
tremor of the arteriovenous fistula for hemodialysis on the left forearm was well. The results of a routine peripheral blood
test at the time of admission were as follows: hemoglobin 89 g/L, white blood cells 10.80 x 10°/L, neutrophil percentage
83.4%, and platelets 490 x 10°/L. The serum creatinine was 1429 umol/L. The computed tomography (CT) scan of the
chest and abdomen revealed two inflammatory small nodules of 0.3 cm in the lower lobes of both lungs and reduced sizes
of both kidneys. Regular hemodialysis (three times per week) was performed. On the 3rd day after admission, the patient
suffered from fever, with a temperature of 38.8°C. The repeated blood test results were as follows: hemoglobin 86 g/L,
white blood cells 12.35 x 10°/L, neutrophil percentage 77.9%, and platelets 474 x 10°/L. The PCT level was 5.73 ng/mL
and cefmetazole was prescribed. PCT was measured using the electrochemical luminescence method (VIDAS Brahms
PCT, Mannheim, Germany) according to the manufacturer’s instructions. On the 10th day after admission, the symptom
of fever was not well controlled and the patient still suffered from intermittent fever, with a maximal body temperature of
39.9°C. The PCT increased to 26.7 ng/mL. Antibiotic was upgraded to meropenem accordingly. On the 12th day after
admission, although the temperature dropped to below 38°C after adjusting the antibiotic, the PCT increased to 63.10 ng/
mL, and the level of C-reactive protein (CRP) was 186.00 mg/L (normal range <5 mg/L). Vancomycin was added. On the
14th day after admission, the biopsy of the lymph node on the right supraclavicular fossa of the neck was performed. On
the 17th day after admission, the body temperature dropped to the normal range and remained normal in the remaining
duration of the hospital stay. The histopathology result of lymph node biopsy revealed as inflammatory necrosis with
granulomatous formation (Figure 1). The acid-fast staining was positive and a small number of DNA fragments of
Mycobacterium tuberculosis was detected by Tuberculosis (TB)-qPCR monitoring. On the 21st day after admission, an
antituberculosis regimen consisting of isoniazid, rifapentine, ethambutol, and levofloxacin was started and the surgery for
kidney transplantation was canceled. The PCT declined gradually to 4.18 ng/mL on the same day and the antibiotics were
downgraded to Piperacillin-tazobactam. On the 24th day after admission, the PCT level, dropped to the lowest point in
admission monitoring, at 2.9 ng/mL. After that, the PCT increased gradually to 39.4 ng/mL on the 41st day after
admission. There was no fever, cough, diarrhea, abdominal pain, frequent urination, and painful urination et al. The count
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Figure | The histopathological findings of the lymph node biopsy. (A) Inflammatory necrosis with granulomatous formation. Magnification, x200. Hematoxylin and eosin
staining. (B) Inflammatory necrosis with granulomatous formation. Magnification, x400. Hematoxylin and eosin staining.
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of white blood cells was 4.58x10°/L. The level of IL-6 was 8.55 pg/mL (normal range 0—7 pg/mL) and the level of CRP
was 11.1 mg/L. The antibiotics were upgraded to meropenem and vancomycin again with the antituberculosis regimen
continued. However, there was no marked decline of serum PCT levels. On the 51st day after admission, the PCT level
was 94.9 ng/mL. The count of white blood cells was 3.8x10%/L. Twice blood cultures were performed and the results
were negative. The parasite antigen test was negative. The echocardiography test showed no obvious abnormalities in
cardiac structure or blood flow. The thyroid function was normal. The patient was present with no complaint and in good
spirit. After another 21 days course of treatment with both meropenem and vancomycin, On the 61st day after admission,
the PCT level was 42.6 ng/mL. The count of white blood cells was 3.91x10°/L. The levels of IL-6 and CRP were in the
normal range (3.02 pg/mL and 4.27 mg/L, respectively). Without the obvious clinical manifestation of sepsis, the
antibiotics meropenem and vancomycin were stopped and the patient was discharged from the hospital (Figure 2).
However, the antituberculosis regimen was still going on. One month after the discharge, the patient was in a good state
and complained no discomfort. He was retested with the PCT of 2.941 ng/mL and the metagenomic Next-Generation
Sequencing of pathogenic microorganisms was negative.

Discussion and Conclusions

As a biomarker of bacterial infection, the diagnostic value of PCT for sepsis was highlighted in clinical settings.
Although the mild to moderate elevation of PCT had been observed in some clinical conditions, such as surgery, shock,
trauma, hepatic or renal failure, severe pancreatitis, malignancy particularly neuroendocrine neoplasm, et al,* the marked
elevation of PCT in non-sepsis condition was rare. We here reported a rare case of the sustained marked elevation of PCT
level in a maintained dialysis patient with tuberculosis, but without other evidence of sepsis.

In the present case, the marked elevation of PCT occurred in a patient with the clinical setting of end-stage kidney
disease. Several studies had reported that uninfected chronic kidney disease (CKD) patients had higher PCT levels than
the general population.’ Furthermore, the baseline PCT levels were negatively correlated with renal function in CKD
patients.'®'" Wu et al’ Enrolled the 361 CKD patients without infection and 119 healthy controls. The serum PCT level
in CKD patients was significantly higher than that in healthy controls (0.44 ng/mL versus 0.04 ng/mL). In addition, the
serum PCT levels increased with the CKD stages (0.50 ng/mL in CKD stage 5, 0.21 ng/mL in CKD stage 4 and 0.20 ng/
mL in CKD stage 3). However, the reported baseline value of uninfected CKD patients was not very high. PCT levels
could still be used as the indicators of infection with a relatively higher cut-off value in CKD patients. Lee et al'
reported that in individuals with end-stage renal disease, the PCT levels at a cut-off value of 0.75 ng/mL were an
appropriate predictor of infection. Herget-Rosenthal et al'® considered that a cut-off value of PCT at 1.5 ng/mL was
appropriate for determining severe infection and sepsis in hemodialytic patients. The reason why PCT mildly increase in
CKD patients remains unclear. One possible explanation was that in CKD patients, renal impairment leaded to decreased
glomerular clearance, consequently resulting in accumulation of low molecular weight proteins such as PCT.'* However,
Meisner et al'® observed that there was no association between the PCT half-life and creatinine clearance. Another factor
was micro-inflammation. Micro-inflammation referred to a disease state characterized by persistent and low-grade
inflammation, which was prevalent in CKD patients. Kidney disease promoted the production and the release of
inflammatory cytokines.'® In this case, the lowest PCT level after admission was 2.9 ng/mL on day 24 and the highest
was 94.9 ng/mL on day 51 without manifestation of infection, which significantly exceeded the average PCT levels and
cut-off values reported in previous literatures. Based on the previous studies, the markedly increased PCT levels could
not be explained by CKD or dialysis in the present case.

Of note, this case was also diagnosed with tuberculosis, which might be another factor influencing the PCT levels. Studies
reporting PCT levels in tuberculosis patients were limited and the PCT levels varied widely. In the study by Rasmussen et al, 218
tuberculosis patients were included.'” It was found that the PCT levels in tuberculosis patients were higher than those in healthy
controls. However, the median PCT levels were less than 0.25 ng/mL in both groups. Only 5% of patients surpassed this value.
Similarly, Ugajin et al'® showed an average PCT level of 0.21 ng/mL in a study of 102 patients with tuberculosis. However, the

study by Huang et al'® Enrolled the 243 tuberculosis patients with an average PCT level of 0.47 ng/mL. A meta-analysis reported
that the cut-off values of PCT to identify sepsis used in the tuberculosis patients were between 0.10 and 0.25 ng/mL.*° To sum up,

PCT levels were only mildly elevated in tuberculosis patients overall, although some studies had found higher baseline PCT
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Figure 2 The clinical course of the present case. The X-axis shows the number of days after admission. The serum procalcitonin levels (Orange), C-reactive protein levels
(yellow), white blood cells (blue), and temperature (green) variations were recorded. Multiple antimicrobials were given to the patient. Periods using cefmetazole,
meropenem, vancomycin, piperacillin-tazobactam, and antituberculosis regimen consisting of isoniazid, rifapentine, ethambutol, and levofloxacin were marked by red,
black, pink, purple and gray thick lines, respectively.
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levels in tuberculosis patients than in healthy controls. The causes for the inert response of PCT in tuberculosis patients have yet
to be determined. There were several possible explanations. Firstly, tuberculous infection might secrete more IFN-y than other
bacterial infections to inhibit PCT production.”'** Secondly, PCT levels depended on the inflammatory cytokine cascade and
were therefore closely related to the number of organisms that entered the systemic circulation, however, the number of
organisms in tuberculosis infection was usually low.'® In this case, after the sepsis controlled, the lowest PCT level monitored
was 2.9 ng/mL, significantly higher than the reported baseline PCT levels in patients with tuberculosis. Consequently, the
markedly elevated PCT levels in this case could not be attributed to tuberculosis.

The potential causes leading to the significantly elevated PCT levels in non-sepsis patients like the present case were to be
explored. Nowadays, the markedly elevated PCT level was an important indicator of sepsis. As mentioned above, PCT levels
could also increase in some non-infectious situations, just like the patient in the present case. When the markedly elevated
PCT level was not correlated with the clinical manifestations, taking the consideration of multiple inflammatory factors, such
as the levels of CRP, interleukin-6, leukocyte counts, and neutrophil percentage were needed.”

In conclusion, the present case reported a rare case of sustained markedly elevation of serum PCT levels in a patient
without the evidence of sepsis. This case might raise the question of PCT as a conclusive evidence of sepsis. The cause of
the marked elevation of PCT in non-infectious diseases needs further exploration.
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