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Abstract

Background: Drug induced hemolytic anemia and thrombocytopenia (DIHA and DIT) are common drug
adverse effects of antibiotics in patients admitted to hospital. This reaction is important in patients who have a
chronic disease especially in pediatrics. In this study, possible hemolytic anemia was investigated before and
after the antibiotics administration.

Materials and Methods: A total of 835 children were investigated in this retrospective study. The laboratory
tests were performed before and at least one week after antibiotics administration. The red blood cell (RBC),
platelet (plt), hematocrit (Hct), and hemoglobin (Hb) were measured.

Results: With respect to age, 76.11% of studied patients were under 6 years old. The others were between 6-10
years (mean 5.38 years). The two tailed T tests results on the patients’ information showed a difference between
RBC, platelet, hematocrit, and hemoglobin values before and after antibiotics administration to the point where
the RBC mean counts before and after administration were 4.53 to 3.82 *1012/L, respectively. These changes
for plt, Hb, and Het were 323.5 to 232.5 *109/L, 13.61 to 11.46 mg/dL, and 40.83 to 34.38 %, respectively. The
p-values were 0.000025, 0.000051, 0.000061, and 0.000032 for RBC, platelet, hematocrit, and hemoglobin;
respectively. This finding confirmed that antibiotics administration can decrease the platelets and RBC count.
The antibiotics used in the children were ceftriaxone (38.2%), clindamycin (23.3%), Clarithromycin (19.6%),
and acyclovir (12.1%); respectively. The dose of the ceftriaxone varied from 50 mg/kg to 70 mg/kg in
shigelloses and pneumonia, respectively. Additionally, clindamycin, clarithromycin, and acyclovir were
prescribed for 10 mg/kg, 5-10, and 10 mg/kg per day; respectively.

Conclusion: This study showed that antibiotics administration had adverse effects and should be considered
when they are prescribed to children with chronic diseases. The physicians should be awarded about proper
dosing to decrease adverse effects.

Keywords: Anti-Bacterial Agents, Drug-Related Side Effects, Adverse Reactions, Hemolytic Anemia,
Pediatric, Thrombocytopenia

Introduction

Drug-induced hemolytic anemia (DIHA)
and drug-induced thrombocytopenia (DIT)
are common clinical disorders in patients
who are admitted to hospital and take
antibiotics. Neonatal thrombocytopenia
(platelets <150x%109/litter) is one of the
most common hematological abnormalities
in neonates occurring in 1 to 2% of healthy
term neonates, which is 18% to 35%
among sick children (1). Among the
children admitted to neonatal intensive
care units (NICUs), the platelet count drop

below 150 x109/L (under the reference
range) occurred one in every four children,
and count drop below 50 x 109/L (sever
thrombocytopenia.) occurred one in every
twenty (2). Early onset thrombocytopenia
is wusually related with pregnancy
complications such as HELLP syndrome
(hemolysis, elevated liver enzymes, and
low platelet count), intrauterine growth
restriction, maternal diabetes, or drug use
(1). The antibiotic-related adverse events
are the major effects in the admitted
patients (3, 4). The main effect of taking
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antibiotics is thrombocytopenia and
hemolytic anemia (%). Severe
thrombocytopenia (platelet count under 50
000/uL) may lead to serious complications
in patients with neoplasms (6). In addition,
the hemolytic anemia can affect kidney,
heart, lung, and other vital organs (6, 7). In
case of patients with DIT, decrease in
platelet count results from decreased
platelet production and increased platelet
destruction. In addition these results can
also occur in DIHA (3, 8). In most of the
cases, the applied drugs are antibiotics.
Other drugs include limmunosuppressive
and chemotherapeutic agents which can be
cytotoxic and are typically dose-dependent
and affect all cell lines (6). In contrast,
DIT and DIHA involve antibody-mediated
cell destruction in phagocytic organ like
spleen liver, etc. This condition leads to
isolated thrombocytopenia, anemia or both
without leucopenia (9-11). One of the
popular mechanisms occurs when drug-
dependent antibodies bind to the platelet
membrane glycoproteins and activate
platelet consumption signaling. In the
DIHA, the drug binds to the membrane
protein in red blood cell. As a result, the
immune system recognizes this new
epitope and produces antibody to remove
the new epitope (12-15). The other
mechanism is mediated by complement
immune system. This mechanism is run by
activating the complement system as a
result of autoantibodies produced against
the antigens on the anti-erythrocyte
surface, overwhelming the protection of
cell surface complement regulators, which
also leads to hemolytic anemia (16). One
of the important mechanisms is caused by
the impaired hematopoiesis and bone
marrow suppression. This effect starts with
thrombocytopenia, continues with
leukopenia and ends with pancytopenia.
This adverse drug effect is very important
in patients with susceptibility to infection
and bleeding disorders (17, 18). Several
other mechanisms are offered for DIHA
and DIT.
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Some of the hemolysis is related to the
enzyme in red blood cell (RBC). This
category is Hereditary Nonspherocytic
Hemolytic Anemia (HNSHA) arising from
change in enzyme activity. Enzymes
involved in antioxidant defense system
such as catalase, glutathione reductase, and
glutathione peroxidase are cleared from
the cell as a result of defense against
oxidants  produced in  antibiotics
metabolism (19). In addition, antibiotics
may cause anemia and thrombocytopenia
by making a toxic condition in the patient
(20).

In several works, adverse drug-related
events have been demonstrated from
which the antibiotics are majorly included
(21-23). The most frequent antibiotic used
in hospital are B- lactams which have
common and predicable adverse events,
like nausea or vomiting, diarrhea,
abdominal pain, and headaches (24).
However, the DIHA and DIT are not
predictable and can deteriorate the
patient's conditions. Drugs such as
quinidine/quinine, salicylates,
sulphamethoxazole/trimethoprim, aspirin,
vancomycin, and clopidogrel ,as DIHA
and DIT inducing drugs (25-27), are
mostly antibiotics.

Here, we described the frequency of
DIHA, DIT or both in the patient admitted
to the pediatric intensive care unit (PICU)
and received antibiotic. We studied the
hematology indices and found the
frequency of this condition in these
patients.

Materials and Methods

A total of 835 patients entered in this
retrospective study who were admitted to
Amir Kabir Hospital during September to
March 2017. This study was approved in
the Ethics Committee of Arak University
of Medical Sciences
(IR ARAKMU.REC.1396.280). Most of
the patients were under 6 years old (about
76.16%), and others were under 10 years
old (mean= 5.38 years), the boys and girls
were 56.89% and 43.11%, respectively.
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The informed parental consent of
agreement was signed by parents.

All patients received antibiotics. The most
frequent antibiotics used in the ward are
summarized in Table I. Ceftriaxone is the
most frequent antibiotics prescribed in
about 38.2% of patients used in
shigelloses, pneumonias, and Urinary
Tract Infections (UTI) by 50mg/kg and 70
mg/kg, respectively. The other antibiotics
and antiviral drugs are clindamycin
(23.3%), clarithromycin (19.6%) and
acyclovir (12.1%) prescribed for 10, 5-10
and 10 mg/kg every day, respectively. All
patients entered in the study received
antibiotics and also had two CBC tets.
Complete blood count (CBC) was
requested twice; first, when the child
entered the hospital and second, after
receiving antibiotics. The anemia and
Thrombocytopenia were based on the
decrease in plt and RBC counts in the
normal range. In case of children with
anemia and Thrombocytopenia out of
normal range, they were treated by the
physician. However, this study concerned
about the change in the range and warned
the physician in case of low plt and RBC
count before antibiotic administration.
During hematologic investigation, we
compared the platelet count with the first
laboratory report on day of admission and
the second plt count after antibiotic
administration (at least one week after the
first report). In addition, to increase
sensitivity of RBC and platelet counts, the
lower count limit for anemia and
thrombocytopenia was not set. We used
the comparison between the RBC and plt
counts on day of antibiotics admission and
the counts after one week following
hospital admission . T test was used to
determine the correlation between the
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investigated results before and after
antibiotics receiving.

Results

Laboratory test was performed before and
at least one week after antibiotics
administration. In all cases, we found
second laboratory finding by about 1 week
after the first laboratory finding. The RBC
paired mean count in T test showed
singificant difference between two sets of
data (P value< was 0.0001). The difference
between the mean of each group was 0.71
and the R2 was 0.765 (Figure 1).

The platelet counts before and after
administration showed a difference of 90
counts per liter in the mean counts.
Additionally, paired two-tailed T test
showed p value fell into less than 0.05
(Figure 1). The paired two-tailed T-test
results are shown in Table II. The other
parameters in anemia are hemoglobin and
hematocrit. These parameters are related to
RBC count and decrease in anemia. The
relation between this parameter and other
red blood cells indices shows hemolytic
anemia (28).

The hematocrit (Hct) and hemoglobin (Hb)
contents were compared on the first day of
admitting and after one week of receiving
antibiotics and significant difference was
observed ( (p-value= 0.000061 vs. p-
value= 0.000032, respectively). The
summarized data are shown in Figure 1
and Table II. In addition, the RBC mean
count before and after administration were
4.53 to 3.82 *1012/L, respectively. This
change for the platelet (plt), Hb and Hct
were 323.5 to 232.5 *109/L, 13.61 to
1146 mg/dL and 40.83 to 34.38 %,
respectively.
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Table I: The frequency of antibiotics used in the PICU

Antibiotic Frequency of use dose
ceftriaxone 38.2% 50 mg/ kg in shigelloses
70 mg/kg in pneumonia
clindamycin 23.3% 10 mg/kg every day
Clarithromycin 19.6% 5-10 mg/kg every day
acyclovir 12.1% 10 mg/kg every day
others 6.8% e
Table II: Paired t test analysis table
Reported item Platelet count RBC count Hct Hb
P value P<0.0001 P<0.0001 P<0.0001 P<0.0001
P value summary 0.000025 0.000051 0.000061 0.000032
Are means significant Yes Yes Yes Yes
different? (P < 0.05)
One- or two-tailed P value? Two-tailed Two-tailed Two-tailed Two-tailed
t, df t=30 df=110 t=11.14 df=112 t=7.580 df=224 "t=7.580
df=224"
Mean of differences 91.49 £+ 14.54 0.7159 + 6.443 £ 0.8501 2.148 +
0.09445 0.2834
95% confidence interval 62.98 to 120.0 0.5885 to 4.777 to0 8.110 1.592 t0 2.703
0.8433
R squared 0.9 0.5257 0.2041 0.2041
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Figure 1. the difference between RBC count, plt count, hematocrit, and hemoglobin mean before and
after antibiotics administration, A) hematocrit in percent B) hemoglobin in gram per deciliter C) RBC

count D plt count
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Discussion

DIHA and DIT are rare conditions in
patients consuming antibiotics but it is
caused by a broad spectrum of antibiotics
and it can be life-threating especially in
pediatric cases (29). DIIHA usually begins
1 to 2 weeks after receiving drugs, and
terminates after these toxic chemicals
removal (30). This threat is more
important when the child has other serious
conditions such as chronic disease (31).
Based on the Naranjo algorithm, we can
score the patient for estimating the
probability of adverse drug reactions.
Naranjo et al., have used 10 parameters to
find this effect. They investigated children,
who had decrease in RBC count, plt count,
Hct and Hb, and they found a count
increase after stopping the antibiotics (32).
Finding the difference between the
admitted patients in ICU before and after
antibiotics administrations confirmed that
most of this effect was caused by the
antibiotic administration. The paired T test
showed difference in RBC count, PIt
counts, hematocrit, and hemoglobin means
0.71x1012 /L, 91.49x109/L , 6.44%, and
2.14 g/dl; respectively. This finding
showed that the hemolytic anemia and
thrombocytopenia were induced by
antibiotics. The relation between RBC
count, Hct, and Hb showed a mild
microcytic anemia. In a study by
Konstantinos et al, the B-lactams were
associated with adverse events but these
events were mild under proper dosing and
could be controlled in admitted patients
(24). Eslami Z et al., investigated
thrombocytopenia and associated factors
in neonates admitted to NICU (1). They
showed thrombocytopenia in 350 neonates
who were admitted to NICU. In other
words,28.5% had thrombocytopenic from
which 75.3% were primary and 24.7%
were delayed. Moreover, they found that
thrombocytopenia was associated with
sepsis, intrauterine growth retardation
sepsis, asphyxia, gestational diabetes
mellitus, maternal hypertension, and
prematurity. This finding is in line with
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our study results on thrombocytopenia in
pediatric patient admitted to NICU. The
antibiotics can induce hemolysis and
platelet destruction. Also, toxic situation,
especially infection in pediatric and adult

ages, can induce anemia  and
thrombocytopenia. Behnaz F et al in a
study investigated hematologic

manifestations of brucellosis in 238
patients diagnosed with brucellosis and
showed that thrombocytopenia (Platelet <
150.000/ mm3) in (24/200) 12% and
pancytopenia in (3/200) 1.5%of patients
were present (20). This finding confirmed
that the toxic situation and chronic
infection can cause pancytopenia. In
addition, this finding matched our study as
the toxic situation and the antibiotic
administration can enhance their damaging
effect and but include a synergetic effect.
This study showed the mild DIHA and
DIT form in patients who received
antibiotics, which was evident as a result
of difference between the mean RBC
count, Plt count, hemoglobin, and
hematocrit before and after antibiotics
administration. Due to administration of
different drugs, the mechanism of the
hemolysis is not clear but in most patients
whose third laboratory test result was
used(after complete treatment and stoping
administration of antibiotic) the RBC
count, plt count, hemoglobin, and
hematocrit increased to normal range.
Enoli De Silva et al., in a study showed
that the drug can affect platelet production
called “drugs induced mylosuppression.
The other mechanism which is suggested
for DIT is destruction of the platelets in
the peripheral blood called “drug- induced
platelet destruction.” Both mechanisms
caused thrombocytopenia and in case of
severity it can be life-threatening, causing
internal bleeding. The main drugs which
have this effect are heparin and antibiotics
(33). Heparin is administrated in patients
which have thrombotic problem, but
antibiotics are  administrating broad
spectrum of patients with variety of
diseases. The heparin induces platelet
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destruction in the peripheral blood but
antibiotics also affect megakaryocyte and
platelet production. The latter is the effect
of antibiotics administration in the first
week and it has more severe response to
platelet destruction by immune system in
peripheral blood(34). This effect leads to
impaired hematopoiesis, pancytopenia, and
a higher susceptibility to infections (35).
The other adverse effect of antibiotics is
the platelet function. Matthew et al. in a
case study reported the Piperacillin—
tazobactam as an antibiotic which can
affect the platelet function leading to
patient to bleeding (36).

Conclusion

Contrary to prior studies, no risk of In this
study, we found the thrombocytopenia as
an adverse drug effect, occurring in
pediatric ~ ward.  Therefore, it is
recommended to consider
thrombocytopenia in children with chronic
diseases, especially in anemic or
thrombocytopenic children.  Physicians
should consider these effects when patients
have borderline platelet and RBC counts.
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