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Abstract
Background: The reported prevalence and pattern of thrombocytopenia in neonatal sepsis vary widely.
Objectives: We aimed to determine the prevalence and severity of thrombocytopenia in blood culture proven neonatal sepsis.
Methods: The study was conducted in a University hospital by recruiting neonates with sepsis in whom blood culture had grown
microorganisms. The initial platelet count refers to the one obtained at the same time as the positive blood culture. Platelet counts
were monitored 12 - 24 hourly. Thrombocytopenia was considered mild if between 50,000/mm3 and 150,000/mm3 , moderate if
between 20,000/mm3 and 50,000/mm3 , and severe if < 20,000/mm3 or < 50,000/mm3 with clinical bleeding.
Results: A total of 143 episodes of blood culture proven sepsis in 131 neonates were studied. Gram positive bacteria identified in
33.6%, gram negative bacteria in 53.8%, and fungi in 12.6%. Klebsiella predominated among Gram negative bacteria (39%) and Candida
species (94.4%) among fungi. Initial thrombocytopenia was observed in 84 (58.7%) episodes; it was mild, moderate, and severe in
39.3%, 25%, and 35.7% respectively. Initial thrombocytopenia among Gram positive, Gram negative, and fungal sepsis were 41.7%,
70.1%, and 55.6%, respectively. Severe thrombocytopenia in the respective groups was 20%, 44.4% and 20%. Overall (80%) and severe
thrombocytopenia (45.8%) was highest in Klebsiella sepsis. Thrombocytopenia was moderate in 60% of Candida sepsis. An additional
23.7% had thrombocytopenia subsequently. In 51.2%, thrombocytopenia persisted beyond 3 days.
Conclusions: Thrombocytopenia was observed in 58.7% of culture proven neonatal sepsis. Initial thrombocytopenia was common
among Gram negative sepsis and mostly of a moderate degree in Candida sepsis.
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1. Background
Thrombocytopenia in neonates, defined mostly as
platelet count less than 150,000/mm3 regardless of gestational age, is said to affect 1% - 5% of neonates at birth
and up to 50% among those receiving intensive care (1).
Thrombocytopenia is considered as a risk factor for haemorrhage, especially intraventricular in location, mortality,
and adverse neurodevelopmental outcome (1). Sepsis remains an important cause of neonatal thrombocytopenia
(2-7). However, the reported prevalence and severity of
thrombocytopenia in neonatal sepsis varies widely. Higher
rates of thrombocytopenia were reported in late-onset sepsis (59.3%) compared to early-onset sepsis (24%) (2) as well as
in the preterm and low-birth weight neonates. Thrombocytopenia of 54% in culture-proven sepsis episodes was reported among very low birth weight (VLBW) neonates (4).
Furthermore, Gram negative and fungal infections compared to gram positive infections had significantly higher
incidence of thrombocytopenia (2-4). In another study (5),

rates of thrombocytopenia in coagulase negative Staphylococcus sepsis, Klebsiella sepsis and isolated fungal sepsis were 33.3%, 60%, and 66%, respectively. A spanish study
reported thrombocytopenia in 100% of Candida sepsis (7).
An Indian study (5) reported thrombocytopenia in 59.5% of
nosocomial sepsis with mild, moderate, and severe thrombocytopenia in 27%, 20%, and 12.5%, respectively.

The duration of sepsis related thrombocytopenia
varies with causative organisms. Gram negative and fungal infections had a longer duration of thrombocytopenia
compared to Gram positive infections (4). In addition,
the mortality in fungal sepsis was higher when it was
associated with thrombocytopenia than without (4-7).
Thrombocytopenia related to late-onset sepsis was found
to be severe and associated with higher morbidity and
mortality (5).
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2. Objectives
In the above context, we aimed to study the pattern and
severity of thrombocytopenia by enrolling neonates with
blood culture proven sepsis.
3. Methods
3.1. Study Subjects
We enrolled neonates at Kasturba Medical college hospital with clinically diagnosed sepsis, prospectively from
March 2014 to July 2015. Neonates were included in the
study if their blood culture grew microorganisms. The
study protocol was approved by the institutional ethics
committee. Neonates with other known causes of thrombocytopenia such as maternal thrombocytopenia, HELLP
syndrome, SLE, preeclampsia and eclampsia, congenital infections, polycythemia, and necrotising enterocolitis were
excluded. Neonates with IUGR, especially those born to
PIH mothers and TORCH infections who are likely to have
thrombocytopenia, have also been excluded. Neonates in
whom blood culture grew contaminants, or 2 or more microorganisms were also excluded. Neonates who stayed for
less than 3 days in whom the 2nd platelet count could not
be obtained were excluded from analysis.
3.2. Blood Culture and Isolation of Microorganisms
Blood sample was processed using BacT alert automated system containing brain heart infusion biphasic
medium. Subcultures were done on Sheep blood agar and
MacConkey agar at the earliest visual detection of turbidity or blindly on days 1, 4, and 7 if the bottles did not
show turbidity. Gram’s staining was performed to identify
the microorganisms. Antimicrobial susceptibility was performed using the Kirbey Bauer disc diffusion method according to the Clinical and Laboratory Standard Institute
guidelines and with an automated Vitek 2 system. The microorganisms were divided into 3 groups: Gram positive,
Gram negative, and fungal.
3.3. Platelet Counts
Platelet counts were obtained on a coulter counter
(Beckman Coulter-COULTER® LH 750 Hematology Analyzer). All platelet counts less than 150,000/mm3 were
rechecked manually. We have taken the first platelet count
that refers to the platelet count on blood sample taken at
the same time as the sample for blood culture. We meant
this as the initial platelet count and related the trend of
platelet counts to this point. Subsequently, platelet counts
were monitored 12 - 24 hours. The 2nd platelet count refers
to the one obtained at 72 ± 12 hours after the initial platelet
2

count. Severity of thrombocytopenia was classified as mild
when the platelet count was between 50,000/mm3 and
150,000/mm3 , moderate when platelet count was between
20,000/mm3 and 50,000/mm3 , and severe when platelet
count was < 20,000/mm3 or < 50000/mm3 with clinical
bleeding. Platelet transfusions were given if platelet count
was below 20,000/mm3 or if there was clinical bleeding. Effect of platelet transfusion on platelet count was not studied. We have fairly excluded the known causes of neonatal
thrombocytopenia while studying sepsis and hence normal controls were not taken.
3.4. Statistical Analysis
Data was analyzed using statistical the software package, SPSS version 16. Platelet counts were analyzed among
the organism groups as well as among individual organism. Association of severity of thrombocytopenia among
different groups was assessed using Chi Square test.

4. Results
Of 1024 episodes of suspected sepsis, 215 episodes (21%)
grew microorganism in blood culture. After excluding 72
episodes (Figure 1), 143 sepsis episodes in 131 neonates were
further analyzed.
The baseline characteristics of 131 neonates are shown
in Table 1. About 60 (45.8%) were term neonates and 70
(53.4%) were preterm. About 41 had low birth weight, 25
had VLBW, and 20 had ELBW. Male neonates constituted
64.1% and outborn neonates, 38.9%.
About 111 (77.6%) were late-onset and 32 (22.4 %) were
early- onset sepsis. Of the late-onset sepsis, 65 (58.6 %)
episodes were due to Gram negative bacteria, 31 (27.9 %)
were due to Gram positive bacteria, and 15 (13.5%) were fungal infections. In 32 episodes of early-onset sepsis, 17 (53.1%)
were gram positive, 12 (37.5%) were Gram negative and 3
(9.4%) were fungal sepsis.
Overall Gram negative, Gram positive, and fungal sepsis were 53.8%, 33.6%, and 12.6%, respectively (Table 2).
Among Gram negative organisms, Klebsiellapneumoniae
was the commonest organism isolated (39%). Candida
species constituted 94.4% of fungal infections.
Of the total 143 sepsis episodes, 58.7% had thrombocytopenia at the time of blood sample drawn for culture (Table 3). This (initial) thrombocytopenia was severe
in 35.7%. The median platelet count among thrombocytopenic episodes was 37,000/mm3 [IQR :(19250, 71500)].
The lowest value was 6,000/mm3 .
Higher percentages of Gram negative sepsis (70.1%) had
initial thrombocytopenia compared to gram positive sepsis (41.7%) and fungal sepsis (55.6%) (P = 0.01). Severe initial
Arch Pediatr Infect Dis. 2018; 6(2):e12471.
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Episodes of uspected neonatal
sepsis = 1024

Excluded = 72
• Contaminants (17)
• Polymicrobial (6)
Blood culture positive sepsis = 215 (21%)

• Thrombocytopenia with
possible other causes (20)
• Eclampsia (15)
• TORCH
positive (2)
• Maternal SLE (1 )
• Polycythemia (2)
• Second platelet cottnt not
available (29)
• Expired (7)
• Referred to cardiac
surgery (1)
• Others (21)

Sepsis episodes finally anally analyzed = 143
(in 131 neonates)

Figure 1. Study Flow Chart

thrombocytopenia was observed in 24 episodes (44.4%) of
Gram negative sepsis. Initial thrombocytopenia was moderate in 60% of fungal sepsis (Table 4).

cepaciae, 66.7% of Acinetobacter sepsis, 64.7% of Enterobacter, 47.1% of CoNS sepsis, and 58.8% of Candida sepsis (Table
5).

About 63.3% of term and 51.4% of preterm neonates
had initial thrombocytopenia. Significantly higher percentage of preterm infants had severe thrombocytopenia compared to term infants (47.2% vs 21.1%) (P = 0.01).
Initial thrombocytopenia was highest (65%) among ELBW
neonates.

Among neonates with initial thrombocytopenia, 84.6%
episodes continued to have thrombocytopenia after 3 days,
51.2% with same severity, and 21.4% with worsened count.
About 23.7% (14/59) of culture positive neonatal sepsis with
normal initial platelet count had thrombocytopenia subsequently, 35.1% among them had severe thrombocytopenia.

Of K. pneumoniae sepsis, 80% had initial thrombocytopenia, 45.8% of them were severe thrombocytopenia.
Thrombocytopenia was observed in 80% of Burkholderia
Arch Pediatr Infect Dis. 2018; 6(2):e12471.

Thrombocytopenia persisted beyond 3 days in 16 out
of 20 (80%) episodes of Gram positive, 47 out of 54 (87%)
3
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Table 1. Baseline Characteristics of Study Neonates (n = 131)

Table 3. Platelet Count at the Time of Drawing Blood Culture (n = 143)

Characteristics

No. (%)

Number of Episodes
of Sepsis (%)

Gestational age
Term

60 (45.8)

Preterm

70 (53.4)

Post term

1 (0.8)
Severity of
thrombocytopenia

Birth weight
Normal

45 (34.4)

Low birth weight

41 (31.3)

Very low birth weight

25 (19.1)

Extremely Low birth weight

20 (15.3)

Gender
Male

84 (64.1)

Female

47 (35.9)

Place of Delivery
80 (61.1)

Outborn

51 (38.9)

Table 2. Distribution of Blood Culture Isolates (n = 143)

Number of Episodes of Sepsis (%)
Gram Positive bacteria (n = 48)
34 (70.8)

MRSA

4 (8.3)

S. aureus

4 (8.3)

Streptococcus

4 (8.3)

Enterococcus

2 (4.2)

Gram Negative bacteria (n = 77)
Klebsiella pneumoniae

30 (39)

Enterobacter spp.

17 (22.1)

Pseudomonas aeruginosa

6 (7.8)

E. coli

6 (7.8)

Acinetobacter spp.

6 (7.8)

Burkholderia cepaciae

5 (6.5)

NFGNB

5 (6.5)

Serratia marcescens

2 (2.6)

Fungal (n = 18)
Candida
Kodamaea spp.

17 (94.4)
1 (5.6)

Abbreviations: CoNS, coagulase negative Staphylococcus; MRSA, methicillin resistant Staphylococcus aureus; NFGNB, non fermenting gram negative Bacilli.
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Normal

59 (41.3)

Low
(thrombocytopenia)

84 (58.7)

Mild

33 (39.3)

Moderate

21 (25.0)

Severe

30 (35.7)

episodes of Gram negative, and 8 out of 10 (80%) episodes
of fungal sepsis. Three episodes of K. pneumoniae sepsis
had normal initial platelet count but had severe thrombocytopenia subsequently.

5. Discussion

Inborn

CoNS

Platelet count

Thrombocytopenia in neonates bothers the treating
clinician and if severe presents as management problem
(1-3, 8-13). Sepsis remains an important etiology among
many causes (1-5, 13). Hemorrhage and mortality were reported with severe thrombocytopenia (1, 14). Bacterial sepsis associated with thrombocytopenia had increase mortality (3, 14). Thrombocytopenia has been reported as an independent risk factor for sepsis related death among VLBW
infants (15). Increased platelets destruction, an impaired
platelet production or a combination may be the underlying mechanism of thrombocytopenia (6, 12, 16). Characterization of sepsis related thrombocytopenia in neonates is
much desired as the incidence varies with several factors.
The present study explored the prevalence and severity of
thrombocytopenia in culture proven neonatal sepsis in a
set up from a developing country.
The blood culture yield of 21% in the present study is
higher than reports (16%) of Guida et al. (4) but lower than
reports (37%) of Bhat et al. (3) and Muley et al. (26.6%) (17).
The predominance of Gram negative sepsis, as identified
in this study, is well recognized (18). In a study by Bhat et al.
(3), Gram-negative sepsis was observed in 71%, Gram positive sepsis in 20%, and fungal sepsis in 8.6%. The predominance of Klebsiella spp. isolates agrees with earlier reports
from India (19, 20). The rate of fungal isolates (12.6%) in the
present study is similar to a previous report (3). Another
study reported higher (19%) fungal isolates (7).
Among sepsis episodes, 58.7% had thrombocytopenia
initially (at the time of blood sample drawn for culture).
Thrombocytopenia was severe in 35.7%. Thrombocytopenia was observed in 67% of sepsis episodes by Bhat et al.
(3) and in 71% by Guida et al. (4). These observations sugArch Pediatr Infect Dis. 2018; 6(2):e12471.

Bhat Y. R et al.

Table 4. Organism Group Specific Initial Platelet Response (n = 143)a

Thrombocytopenia

Severity of Thrombocytopenia
Mild

Moderate

Severe

20 (41.7 )

12 (60.0)

4 (20.0)

4 (20.0)

Gram negative (n = 77)

54 (70.1)

19 (35.2)

11 (20.4)

24 (44.4)

Fungal (n = 18)

10 (55.6)

2 (20.0)

6 (60.0)

2 (20.0)

Gram positive (n = 48)

a

Values are expressed as No. (%).

Table 5. Initial Platelet Response to Common Microorganismsa

Thrombocytopenia

K. pneumoniae (n = 30)

24 (80.0 )

Severity of Thrombocytopenia
Mild

Moderate

Severe

6 (25.0)

7 (29.1)

11 (45.8)

Burkholderia cepaciae (n = 5)

4 (80.0)

2 (50.0)

0

2 (50.0)

NFGNB (n = 5)

4 (80.0)

2 (50.0)

1 (25.0)

1 (25.0)

MRSA (n = 4)

3 (75.0)

1 (33.3)

1 (33.3)

1 (33.3)

Acinetobacter spp. (n = 6)

4 (66.7)

0

2 (50.0)

2 (50.0)

E. coli (n = 6)

4 (66.7)

2 (50.0)

0

2 (50.0)

Enterobacter spp. (n = 17)

11 (64.7)

6 (54.5)

1 (9.0)

4 (36.3)

Candida (n = 17)

10 (58.8)

2 (20.0)

6 (60.0)

2 (20.0)

P. aeruginosa (n = 6)

3 (50.0)

1 (33.3)

0

2 (66.7)

CoNS (n = 34)

16 (47.1)

10 (62.5)

3 (18.7)

3 (18.7)

Staphylococcus aureus (n = 4)

1 (25.0)

1 (100)

0

0

Abbreviations: CoNS, coagulase negative Staphylococcus; MRSA, methicillin resistant Staphylococcus aureus; NFGNB, non fermenting gram negative Bacilli.
a
Values are expressed as No. (%).

gest that thrombocytopenia is frequent in neonatal sepsis. Neonates respond to sepsis by up-regulating Tpo production and thrombopoiesis, however, the degree of upregulation is said to be only modest. Thrombocytopenia
is likely to occur when the rate of platelet consumption exceeds the rate of platelet production (16).
Significantly higher percentage of preterm infants had
severe thrombocytopenia compared to term infants (47.2%
vs 21.1%). The frequency of initial thrombocytopenia was
highest among ELBW neonates. Previously, Charoo et al.
(5) studied 200 VLBW neonates with sepsis and reported
thrombocytopenia in 59.5%. A limited response to thrombocytopenia, in terms of platelet production and thrombopoietin in VLBW neonates, especially during sepsis with
a decreased energy reserves in the host, may be responsible
for increased frequency of thrombocytopenia (21).
The degree of thrombocytopenia varies with causative
microorganisms.
In the present study, significantly
higher percentages of gram negative sepsis (70.1%) had initial thrombocytopenia compared to gram positive sepsis
Arch Pediatr Infect Dis. 2018; 6(2):e12471.

(41.7%) and fungal sepsis (55.6%). Severe initial thrombocytopenia was observed in 44.4% of episodes of Gram negative sepsis. Initial thrombocytopenia was moderate in 60%
of fungal sepsis. This observation agrees with the previous report that thrombocytopenia was more frequent in
gram negative sepsis (4). Increased platelet destruction
through antibody mediated binding, uptake, and activation are proposed as the likely mechanisms of thrombocytopenia associated with Gram-negative sepsis. Cell-free extracts containing lipopolysaccharide and a component of
the cell wall of Gram negative organisms have been shown
to directly induce thrombocytopenia in animal models
(22).
In the present study, K. pneumoniae sepsis had the highest initial thrombocytopenia (80%), 45.8% of them being severe thrombocytopenia. The frequency of thrombocytopenia was 80% in Burkholderia cepaciae, 66.7% in Acinetobacter
spp., 64.7% in Enterobacter spp., and 58.8% in Candida spp.
sepsis. The frequency was lower (47.1%) in CoNS sepsis. Organism specific platelet response in neonatal sepsis is char5
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acterized to some extent by previous researchers. Charoo
et al. (5) found 60% of K. pneumoniae sepsis having thrombocytopenia. Thrombocytopenia in Enterobacter spp. sepsis varied from 65.5% to 85.7% in previous studies (6, 23).
The prevalence of thrombocytopenia in CoNS sepsis in
our study is higher than that (33%) reported by Charoo et
al. (5). In contrast, Kashu et al. found thrombocytopenia
in 84% of neonates with persistent CoNS bacteremia (24).
Thrombocytopenia is frequent in fungal sepsis. Charoo et
al. reported that 66% of fungal sepsis had thrombocytopenia (5). Torres et al. found thrombocytopenia in 100% of
Candida sepsis (7) and concluded that thrombocytopenia
is a highly specific marker of fungal sepsis. We observed
lower rates of thrombocytopenia in sepsis due to Candida
spp.
When we studied the course of thrombocytopenia
about 23.7% of neonatal sepsis with normal initial platelet
counts were found to have thrombocytopenia subsequently, of which 35.1% were severe in nature. Overall,
a large majority (84.6%) of neonatal sepsis with initial
thrombocytopenia continued to have thrombocytopenia
until 3 days with 51.2% at the same severity and 21.4% with
worsened platelet counts. Thrombocytopenia persisted
even after 3 days in 80% of episodes due to Gram positive, 87% of episodes due to Gram negative, and 80% of
episodes due to fungal sepsis. Three episodes of K. pneumoniae sepsis, with normal initial platelet counts, had severe thrombocytopenia subsequently. These observations
suggest the need for continuous monitoring of platelet
counts in neonates with sepsis. Previous studies reported
the mean duration of thrombocytopenia in Gram negative
and fungal infections as 2-8 days and in Gram positive infections as 0.4 - 2.8 days (4).
Our study had few limitations. Although, frequent
monitoring of platelet counts (12th hourly) could yield better information on course of thrombocytopenia, we did
not adopt this policy in all neonates due to financial constraints. Similarly, we could not obtain the platelet counts
beyond day 3 in all neonates, although we continued monitoring platelet counts when it was low.
6. Conclusions
Due to the fact that sepsis remains an important cause
of neonatal thrombocytopenia and the degree of thrombocytopenia in sepsis varies from mild to severe, it warrants
monitoring. More than half of the blood culture proven
sepsis episodes having thrombocytopenia at an early stage
informs the magnitude of the problem. Higher percentages of initial thrombocytopenia among Gram negative
sepsis compared to fungal and Gram positive sepsis further characterizes this thrombocytopenia. Sepsis with
6

Klebsiella, Burkholderia, and Acinetobacter species needs
special attention regarding thrombocytopenia. The observations that persistence or worsening of thrombocytopenia beyond 3 days among thrombocytopenic sepsis
episodes and new-onset thrombocytopenia in the subsequent period stresses the need for continued monitoring
of platelet counts.
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