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Abstract

BACKGROUND
Thrombocytopenia is common in patients with sepsis and septic shock.

AIM

To analyse the decrease in the number of platelets for predicting bloodstream
infection in patients with sepsis and septic shock in the intensive care unit.

METHODS

A retrospective analysis of patients admitted with sepsis and septic shock in
Xingtai People Hospital was revisited. Patient population characteristics and
laboratory data were collected for analysis.

RESULTS

The study group consisted of 85 (39%) inpatients with bloodstream infection, and
the control group consisted of 133 (61%) with negative results or contamination.
The percentage decline in platelet counts (PPCs) in patients positive for pathogens
[67.1 (41.3-74.6)] was distinctly higher than that in the control group [18.2
(5.1-43.1)] (P < 0.001), whereas the PPCs were not significantly different among
those with gram-positive bacteraemia, gram-negative bacteraemia, and fungal
infection. Using receiver operating characteristic curves, the area under the curve
of the platelet drop rate was 0.839 (95%ClI: 0.783-0.895).

CONCLUSION

The percentage decline in platelet counts is sensitive in predicting bloodstream
infection in patients with sepsis and septic shock. However, it cannot identify
gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection.
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Core Tip: Thrombocytopenia is common in sepsis and septic shock, but there are few reports on the diagnostic value of
thrombocytopenia in bloodstream infection. Our results found that the rate of platelet drop but not the lowest platelet count
has a high predictive ability for bloodstream infection in patients with sepsis or septic shock. However, it cannot identify
gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection. Dynamic detection of platelet counts appears to
be an early alert for the clinician in identifying the site of infection and evaluating serious infection. This will guide the
performance of blood cultures and the use of empirical antibiotics.
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INTRODUCTION

Bloodstream infection (BSI) is a life-threatening condition caused by the presence of microorganisms, generally bacteria
or fungi, in blood. The ability to diagnose BSI early can have a significant impact on patient outcomes. Platelets constantly
roam the vascular system and play an active role in pathogen capture. Platelets can kill bacterial pathogens directly via
microbicidal proteins, known as thrombocidins[1]. Platelets are able to release cytokines, recruit leukocytes, interact with
bacteria and the endothelium, and promote microthrombi formation[2,3]. Either a relative or an absolute decrease in the
platelet number is often seen in patients who most likely develop sepsis and septic shock. However, few reports have
documented the relationship between a drop in platelet counts and BSI. The aims of this study were to determine the
diagnostic ability of the percentage decline of platelet counts (PPCs) for predicting the presence of BSI and evaluating the
cut-off point for detecting BSI.

MATERIALS AND METHODS

We conducted a retrospective cohort study at Xingtai People’s Hospital, Hebei Province, China, which has 2200 beds
serving local residents. Adult patients (age > 18 years) who were admitted to the intensive care unit (ICU) with a
diagnosis of sepsis or septic shock and stayed at least 3 d in the ICU were included in the study. The exclusion criteria
included haematologic disease, acute bleeding, history of platelet disorders, cirrhosis, and use of chemotherapy (in the
last 30 d prior to admission). The following variables were collected from the electronic medical records: patient
population characteristics (age, sex); underlying disease (hypertension, diabetes mellitus, chronic obstructive pulmonary
disease, cardiovascular disease, cerebrovascular disease); laboratory data (aetiology, daily platelet counts, white blood
cell count, neutrophil count, haemoglobin, C-reactive protein, procalcitonin, blood urea nitrogen, serum creatinine,
alanine aminotransferase, aspartate aminotransferase, serum bilirubin, serum albumin, fibrinogen, D-dimer, prothrombin
time, activated partial thromboplastin time); source of infection; primary diagnosis, mechanical ventilation, requirement
for renal replacement therapy; and Acute Physiology and Chronic Health Evaluation II score (APACHE-II score). This
study was a retrospective clinical data analysis and patients did not undergo invasive procedures.

According to the sepsis 3 guidelines[4], sepsis was defined as life-threatening organ dysfunction caused by a dysreg-
ulated host response to infection. The clinical criteria for sepsis include suspected or documented infection and an acute
increase in two or more Sequential Organ Failure Assessment points as a proxy for organ dysfunction. Septic shock was
defined by the clinical criteria of sepsis and vasopressor therapy needed to elevate mean arterial pressure > 65 mmHg and
lactate > 2 mmol/L (18 mg/dL) despite adequate fluid resuscitation. Blood cultures were drawn from the patients within
1 h after ascertaining the patient had sepsis or septic shock. BSI was defined as one or more bacterial species in blood
samples. Bloodstream infection caused by coagulase-negative staphylococci was determined after careful evaluation by
the doctor according to the clinical manifestations and treatment effect. Negative specimen culture was defined as
negative culture for 5 d. Daily platelet counts were recorded from the day the blood cultures were taken. If the platelet
counts were performed twice or more within 24 h, we recorded the lowest count for analysis. The rate of the drop in
platelets was calculated by the formula (Platelet,— Platelet,,,)/Platelet,, where Platelet, is the Platelet value at the time of
drawing blood cultures, and Platelet,,, is the lowest platelet value within the following 3 d.

Tow
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RESULTS

Patient characteristics

During the study period, a total of 218 patients with sepsis and septic shock were enrolled. Of these, 85 had positive
blood cultures, and 133 had negative cultures or contamination. Demographic, clinical and laboratory characteristics are
presented in Tables 1 and 2. The median age was 63 years, and 122 (56%) patients were male. There was no difference in
age, sex, underlying comorbidities (hypertension, diabetes, cardiovascular disease, chronic obstructive pulmonary
disease), APACHE II score, mechanical ventilation, renal replacement therapy, or 28-d mortality between patients with
positive blood cultures and those with negative blood cultures or contamination. However, patients with cerebrovascular
disease had fewer positive blood cultures (P = 0.044). Regarding the primary source of infection, respiratory tract
infections were the most common infections in patients in the ICU, which were detected in 101 patients (46.3%). Patients
with positive blood cultures were more often admitted with hepatobiliary and urinary infections and less often with
respiratory tract infections (Table 1).

Laboratory findings
At admission, patients with positive blood cultures had higher levels of procalcitonin, neutrophils, and C-reactive protein
but not white blood cell counts than those with negative cultures or contamination (Table 2). Marked differences were
also found in the prothrombin time, activated partial thromboplastin time, D-dimer, total bilirubin, alanine aminotrans-
ferase, aspartate aminotransferase, and creatinine levels. These indicators were significantly higher in patients with
positive blood cultures than in those with negative cultures or contamination. No significant differences were found for
fibrinogen, urea nitrogen, serum albumin, haemoglobin, or glycosylated haemoglobin (P > 0.05).

Among the 85 bacteraemia episodes, 24 were caused by gram-positive bacteria, 59 by gram-negative bacteria and 2 by
fungi. The most commonly isolated bacterial species were Escherichia coli (n = 36) and Klebsiella pneumoniae (n = 15), which
accounted for 60% of blood infections (Table 3).

Daily platelet count

The daily platelet count over time was recorded as the median (25", 75" percentile) (Figure 1). The median platelet count
dropped to a nadir of 60 (range, 30-128) x 109/L in the group positive for pathogens and 148 (range, 73-200) x 109/L in
the group negative for pathogens or contamination on the fourth day after admission to the ICU and subsequently
increased. The platelet count did not differ between the two groups on the first day. From Day 2 to Day 7, the platelet
count in the pathogen-positive group was significantly lower than that in the control group (P < 0.05).

The PPC% in different groups

In the present study, the percentage decline in PPC in patients who were positive for pathogens [57.1 (41.3-74.6)] was
distinctly higher than that in patients who were negative or had contamination [18.2 (5.1-43.1)] (P < 0.001). There were
also significant differences in the lowest platelet count between the patients who were positive for pathogens [54 (27-119)]
and those who were negative or contaminated [140 (77-182)] (P < 0.001). However, in the subgroup of positive with
pathogens, the PPCs were not significantly different among the gram-positive bacteraemia, gram-negative bacteraemia,
and fungi groups (P > 0.05) (Figure 2).

Receiver operating characteristic curves of serum biomarkers

Receiver operating characteristic (ROC) curves were created for PPCs to predict BSI (Figure 3). The areas under the ROC
curves (AUCs) were calculated to evaluate the biomarkers (PPC, procalcitonin, lowest platelet count, C-reactive protein,
and neutrophil percentage) to determine the presence of bacteraemia. PPC had high diagnostic utility for predicting BSI.
Its predictive ability was greater than that of procalcitonin; the AUC of PPC was 0.839 (95%ClI: 0.783-0.895). Additionally,
that of procalcitonin was 0.718 (95%ClI: 0.644-0.791), whereas C-reactive protein and neutrophil percentage did not detect
BSI (P > 0.05). Using the lowest platelet count, the area under the ROC curve was 0.274 (95%CI: 0.201-0.347), showing a
low, not significant accuracy for BSI diagnosis. At a cut-off point of 35%, the sensitivity and specificity of PPC were 0.84
and 0.73, respectively, and the Youden index was 0.57. At cut-off points of 50% and 60%, the sensitivity was reduced to
0.63 and 0.44, respectively, but yielded high specificities of 0.82 and 0.90.

DISCUSSION

Early recognition of BSI and establishing early treatment are important for patients with infection. In this retrospective
cohort, we demonstrated that the ratio of platelet drop was independently associated with BSI. This is the first study to
investigate the association between these parameters. The study included 218 sepsis and sepsis shock patients, and their
demographic variables and clinical and laboratory characteristics are described. Patients with BSI were associated with
the severity of sepsis and sepsis shock, as indicated by higher inflammatory biomarkers (procalcitonin, C-reactive protein,
neutrophils), higher percentage decline of platelet counts, liver and kidney function injury, and coagulation disorder
(prothrombin time, activated partial thromboplastin time, D-dimer), compared to patients who did not have a BSI. It has
been reported that bacteraemia is an independent risk factor for nosocomial infection-related mortality[5]; however, in
our study, 28-d mortality was not significantly different between bacteraemia and non-bacteraemia patients. This could
be due to respiratory failure caused by a respiratory infection, which was detected in 46.3% of patients in the ICU in our
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Table 1 Patient characteristics n (%)

Blood culture results
Characteristic All patients (n =218) P value
Negative or contamination (n =133)  Positive with pathogen (n = 85)

Age (yr) 63 (53-73) 64 (53-73) 62 (52-70) 0.253
Sex (male/female) 218 (122/96) 133 (81/52) 85 (41/44) 0.066
Comorbidities

Hypertension 79 (36.2) 50 (37.6) 29 (34.1) 0.603
Diabetes 49 (22.5) 29 (21.8) 20 (23.5) 0.766
Cardiovascular disease 23 (10.6) 17 (12.8) 6(7.1) 0.18
COPD 16 (7.3) 13 (9.8) 3(3.5) 0.085
Cerebrovascular disease 34 (15.6) 26 (19.5) 8(9.4) 0.044

Primary diagnosis for cultures

Respiratory 101 (46.3) 81 (60.9) 20 (23.5) <0.001
Intestinal 50 (22.9) 28 (21.1) 22 (25.9) 0.408
Urogenital 33 (15.1) 12 (9.0) 21 (24.7) 0.002
Hepatobiliary 21 (9.6) 6 (4.5) 15 (17.6) 0.001
Skin/soft tissue 5(2.3) 3(2.3) 2 (2.4) 1.0
Other 8(3.7) 3(2.3) 5(5.9) 0.308
APACHE II 20 (14-25) 19 (14-25) 20 (14-27) 0.533
Mechanical ventilation (yes/no) 218 (156/62) 133 (100/33) 85 (56/29) 0.137
Renal replacement (yes/no) 218 (29/189) 133 (13/120) 85 (16/69) 0.055
28-d mortality 81 (37.2) 46 (34.6) 35 (41.2) 0.326

COPD: Chronic obstructive pulmonary disease; APACHE: Acute physiology and chronic health.

Platelet count
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Figure 1 Platelet count over time stratified according to blood culture results. Data are median (25", 75" percentile).

study, it was the main cause of death and these patients had a low incidence of BSI. We recorded the daily platelet count
and found that the median duration of thrombocytopenia occurred on Day 4 after admission to the ICU (Figure 1), which
is in accordance with the results of previous research[6,7].

In our study, the most common organism isolated was Escherichia coli, with Klebsiella pneumoniae being the second most
common pathogen in blood infections. This is consistent with a previous finding showing that Escherichia coli, Staphylo-
coccus aureus, Klebsiella pneumoniae and Streptococcus pneumoniae were the most commonly isolated organisms in
community-acquired BSIs[8]. In recent years, it has been reported that respiratory tract, urinary tract, and intra-
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Blood culture results

Characteristic All patients (n=218)  Negative or contamination (1= Positive with pathogen (n= P value
133) 85)
PCT (ng/mL) 6.9 (1.1-32.1) 2.85 (04-16.6) 16.8 (4.1-112.3) <0001
CRP (mg/mL) 1133 (47.9-174.3) 99.4 (411-168.3) 128.1 (68.5-189.7) 0.047
WBC (x 10°/L) 12.3 (8.1-17.8) 11.7 (8.8-16.8) 13.1 (7.5-21.7) 0.404
Neutrophils (%) 90.1 (82.5-93.5) 88.9 (83.4-92.3) 92.2 (82.3-94.7) 0.029
Haemoglobin (g/L) 109.6 +£23.8 1099 +24 1092 +23.6 0.824
HBA1C 59 (54-72) 6.0 (5.67.1) 5.8 (5.3-8.6) 07
PT (s) 144 (12.7-16.7) 13.9 (12.7-15.7) 155 (12.7-17.5) 0.012
APTT () 34,5 (30.2-41.5) 33.3 (29.6-38.0) 37.2 (30.2-44.8) 0.005
Fib (g/L) 3.94 (3.0-4.97) 3.95 (3.19-5.26) 3.93 (2.85-4.87) 0.344
D-dimer (pg/mL) 6.37 (2.62-12.34) 533 (2.19-10.94) 8.06 (3.93-13.81) 0.02
Alanine aminotransferase (U/L)  31.8 (18-612) 24.2 (14.8-47.5) 43.4(23.1-113.9) <0001
Aspartate aminotransferase (U/L)  46.2 (29.6-87.1) 37.9 (25.8-70) 67.2 (35.2-170.4) <0.001
Total bilirubin (pmol/L) 15.6 (9.1-29.1) 13.5 (8.9-23.7) 20.6 (10.7-49) 0.009
Serum albumin (g/L) 28.8 (24.4-31.7) 28 (24.2-32.2) 29.4 (25-315) 0.444
BUN (mmol/L) 9.9 (6.0-15.3) 92 (5.9-14.2) 10.8 (6.2-15.9) 0.147
Cr (umol/L) 99.6 (67.3-180) 89.1 (62.4-146) 1345 (84.7-221) 0.001

PCT: Procalcitonin; CRP: C-reactive protein; WBC: White blood cell; HBAIC: Glycosylated haemoglobin; PT: Prothrombin time; APTT: Activated partial
thromboplastin time; Fib: Fibrinogen; BUN: Blood urea nitrogen; Cr: Creatinine.
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Figure 2 Box plot showing the percentage decline of platelet counts and lowest platelet count. A: Eighty-five bacterial infection episodes showed a
higher percentage decline of platelet count (PPC); B: Lower levels of platelet count than nonbacterial events (P < 0.001) by Mann-Whitney U test; C: The PPC was
not significantly different in the group with gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection (P > 0.05). Data are presented with median
lines, 25- and 75-percentile boxes, and 10- and 90-percentile error bars. PPC: The percentage decline of platelet counts. The (*) and (o) in the figure are Scatter
data.

abdominal infections are the main sources of sepsis and sepsis shock[9,10], and gram-negative bacteraemia has a higher
frequency in the ICU[11]. Similarly, our study also showed that respiratory tract infection was the main reason for
admission to the ICU but the patients had a lower rate of BSIs. However, the urogenital and hepatobiliary tract have a
higher incidence of BSIs in ICU patients.

Our results confirm that the rate of platelet drop but not the lowest platelet count has a high predictive ability for BSI.
It has been reported that procalcitonin levels are a good biomarker for bacterial infections, and procalcitonin has been
introduced into clinical use[12,13]. Similarly, our study supports this option. Comparing other inflammatory markers, the
diagnostic utility of PPC (AUC of 0.839) was significantly higher than that of procalcitonin (AUC of 0.718), C-reactive
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Table 3 Microorganisms isolated from blood cultures

Microorganism No. (%) isolated from blood cultures
Gram-positive bacteria 24 (28.2)
Staphylococcus aureus 6(7.1)
Staphylococcus epidermidis 3(3.5)
Staphylococcus haemolyticus 2(24)
Staphylococcus hominis 2(24)
Staphylococcus caprae 1(1.2)
Enterococcus faecium 5(5.9)
Streptococcus pyogenes 3(3.5)
Streptococcus viridans 1(1.2)
Enterococcus gallinarum 1(1.2)
Gram-negative bacteria 59 (69.4)
Escherichia coli 36 (42.3)
Klebsiella pneumoniae 15 (17.6)
Pseudomonas aeruginosa 3(3.5)
Aeromonas sobria 2(24)
Enterobacter cloacae 1(1.2)
Kilebsiella oxytoca 1(1.2)
Acinetobacter lwoffii 1(1.2)
Fungus 2(24)
Candida albicans 2(24)

Source of the curve

— PPC

— PCT

— CRP

— Neutrophil (%)

~ Reference line

~ Lowest platelet count

Sensitivity

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 3 Receiver operating characteristic curves of serum biomarkers for the positive diagnosis of bacterial species in critically ill
patients with clinical sepsis and sepsis shock. ROC: Receiver operating characteristic; PCT: Procalcitonin; CRP: C-reactive protein.

protein (AUC of 0.583) and neutrophils (AUC of 0.564). A cut-off point of 35% for PPC achieved a sensitivity of 84% and a
specificity of 73%, whereas a cut-off point of 50% was correlated with a sensitivity of 62.7% and a specificity of 82%. A
cut-off point of 60% reduced the sensitivity to 44%, but the specificity reached 90.1%. Therefore, clinicians should
consider BSIs in sepsis and sepsis shock patients with a rapid drop in platelet count.
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Thrombocytopenia is very common in patients with sepsis and sepsis shock, and there are several putative
mechanisms, as stated below. First, the interactions between bacteria and platelets cause the consumption of platelets.
Bacteria can bind to platelets via receptors either directly or indirectly, suggesting that they may induce aggregation,
which has been described for Streptococcus sanguinis, S. epidermidis, or S. pneumoniae infections[14]. Preclinical findings
from murine models suggested that platelets bind to adherent neutrophils through Toll-like receptor 4 and form
neutrophil extracellular traps (NETs). NETs have the greatest capacity for bacterial trapping and ensnare bacteria within
the vasculature[15]. In addition to containing pathogens, human and murine platelets can exert direct microbicidal
activity, such as releasing platelet microbicidal proteins to kill pathogens[16,17]. Second, bacterial infections cause
damage to the vascular endothelial lining and the release of inflammatory factors, accelerating adhesion, removal and
immune-mediated destruction of platelets. Third, bacterial infections cause marrow depression, decreasing the
production of platelets.

Our study has the following limitations: (1) We only recorded platelet changes within 7 d after admission to the ICU in
sepsis and sepsis shock patients and did not consider changes in platelets in patients with secondary infection during ICU
hospitalization, which may affect mortality; (2) In our study, the median time of the platelet count dropping to a nadir
was on Day 4. However, the platelet counts were very low in some patients when they came to the hospital, and their
platelets dropped to the lowest value on Day 2 after admission, which affected the ratio of platelet decline; and (3) We
used culture-based methods as the gold standard for the diagnosis of BSI, and the initiation of empirical antimicrobial
therapy in some patients significantly reduced the sensitivity of blood cultures. Future studies should determine if there
is a drop in platelet count in experimental animals with BSL

CONCLUSION

In conclusion, the percentage decline in platelet counts is sensitive in predicting BSI in patients with sepsis and sepsis
shock. However, it cannot identify gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection. Dynamic
detection of platelet counts appears to be an early alert for the clinician in identifying the site of infection and evaluating
serious infection. This will guide the performance of blood cultures and the use of empirical antibiotics.

ARTICLE HIGHLIGHTS

Research background

Either a relative or an absolute decrease in the platelet number is often seen in patients who most likely develop sepsis
and septic shock. However, few reports have documented the relationship between a drop in platelet counts and
bloodstream infection (BSI).

Research motivation
To determine whether decreased platelet counts are an early alert in identifying the site of infection and evaluating
serious infection.

Research objectives
The aims of this study were to determine the diagnostic ability of the percentage decline of platelet counts (PPC) for
predicting the presence of BSI and evaluating the cut-off point for detecting BSI.

Research methods
A retrospective analysis of patients admitted with sepsis and septic shock in Xingtai People Hospital was revisited.
Patient population characteristics and laboratory data were collected for analysis.

Research results

The percentage decline in platelet counts in patients positive for pathogens [57.1 (41.3-74.6)] was distinctly higher than
that in the control group [18.2 (5.1-43.1)] (P < 0.001), whereas the PPC was not significantly different among patients with
gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection. Using receiver operating characteristic
curves, the area under the curve of the platelet drop rate was 0.839 (95%CI: 0.783-0.895).

Research conclusions
The percentage decline in platelet counts is sensitive in predicting blood stream infection in patients with sepsis and
septic shock. However, it cannot identify gram-positive bacteraemia, gram-negative bacteraemia, and fungal infection.

Research perspectives
Future studies should determine whether there is a drop in platelet count in experimental animals with BSI and clarify
the underlying mechanism.
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