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Abstract: Background: Tuberculosis (TB) can seriously affect the hematopoietic system, with involve-
ment of both myeloid and lymphoid cell lines as well as plasma components. These hematological
changes act as a marker for the diagnosis, prognosis and response to therapy. Methods: We searched
PubMed, Scopus, Google Scholar, EMBASE, Cochrane Library and WHO websites from 1950 to
May 2021 for papers on the interaction between TB and common and rare hematological manifesta-
tion. Results: Hematological reactions in patients with TB are possible in both young and old women
and men but seem more frequent in the elderly, and they can be predictors of both diagnosis and
worse outcome for TB, regardless of whether it is pulmonary, extra pulmonary or miliary. Even anti-
TB therapies can cause hematological adverse events, among which some are serious and rare and
can compromise the patient’s recovery pathway to completing treatment. Conclusion: Hematological
screening and follow-up, including complete blood count and coagulation, are always necessary both
at the diagnosis of TB and during antitubercular treatment in order to monitor hematological param-
eters. Short therapy regimens for multidrug-resistant TB (MDR-TB) may also be useful for reducing
hematological toxicity, especially in contexts where this cannot be monitored. Close monitoring of
drug interactions and hematological adverse events is always recommended.

Keywords: tuberculosis; adverse events; hematopoietic system; anemia; rare hematologic disorders

1. Introduction

Despite all the efforts made, tuberculosis (TB) remains one of the top 10 causes of death
worldwide and the leading cause of death from a single infectious agent. In fact, globally,
it has been estimated that 10.0 million people had TB in 2019, with around 1.43 million
deaths [1]. Mycobacterium tuberculosis, mainly affecting the lungs but also other organs, is
the cause of TB [2]. The great variability in the clinical presentation of TB poses a diagnostic
and therapeutic challenge for physicians. In addition, TB infection can seriously affect the
hematopoietic system during its course, with involvement of both myeloid and lymphoid
cell lines and plasma components [3]. Various hematological abnormalities in association
with TB have been reported in the literature, and these hematological changes may act as a
marker for the diagnosis, prognosis and response to therapy [3]. However, there is limited
knowledge about the prevalence of the effects of hematological abnormalities and adverse
events of antituberculous treatment on various hematological parameters.

Microorganisms 2021, 9, 1477. https://doi.org/10.3390/microorganisms9071477 https://www.mdpi.com/journal/microorganisms

https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com
https://orcid.org/0000-0003-3453-5647
https://orcid.org/0000-0001-8360-4376
https://orcid.org/0000-0001-8182-5896
https://orcid.org/0000-0001-8184-6291
https://doi.org/10.3390/microorganisms9071477
https://doi.org/10.3390/microorganisms9071477
https://doi.org/10.3390/microorganisms9071477
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/microorganisms9071477
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com/article/10.3390/microorganisms9071477?type=check_update&version=2


Microorganisms 2021, 9, 1477 2 of 15

The aims of this study were to review the literature concerning hematological man-
ifestations in TB patients in order to identify a relationship via which their diagnostic
and prognostic significance could be detected and to monitor the eventual adverse events
during antituberculous therapy.

2. Materials and Methods

We conducted a search on PubMed, Scopus, Google Scholar, EMBASE, Cochrane
Library and WHO websites (http://www.who.int, accessed on 20 May 2021) starting
from 1950 to May 2021 in order to identify articles discussing the interaction between
TB and common or rare hematological manifestation. We included all articles addressing
epidemiology, physiopathology, risk factors, clinical features, screening and diagnosis,
treatment and management.

3. Blood Count Impairment in Active TB
3.1. Anemia

Anemia is one of the most common laboratory test abnormalities seen in TB [4]. The
prevalence of anemia in patients with diagnosis of TB ranged from 32% to 94% in studies
conducted in various countries [4] and can be associated with increased mortality and poor
response to treatment [5].

Anemia has been considered a risk factor for the onset of infectious diseases and
especially TB [6], as it increases individual susceptibility to such onset by reducing the
immune response. Anemia is generally present at the time of diagnosis of TB. The most
frequent form is a normochromic normocytic anemia [4] followed by microcytic anemia. In
a previous retrospective study, authors observed that anemia is associated with more severe
forms of TB, suggesting that it could be a biomarker of the severity of the disease [4], with
the meningeal and disseminated forms accounting for the more severe forms of anemia as
showed in Table 1.

Table 1. Frequency of hematologic patterns in TB patients.

Hematologic Findings Pulmonary TB Extrapulmonary TB Miliary/Disseminated TB

Anemia Common Common Common

Thrombocytopenia Rare Rare Common

Thrombocytosis Common Common Uncommon

WBC abnormalities Common Common Common

Pancytopenia Uncommon Uncommon Common

Henoch–Schönlein purpura Rare No data No data

Leukemoid reaction No data Rare No data

Hemolytic anemia No data No data Rare

Hemophagocytic lymph histiocytosis No data No data Rare

Disseminated intravascular coagulation Rare No data Rare

Thromboembolism Uncommon No data No data

TB: tuberculosis; WBC: white blood cells.

Many different types of blood conditions, such as anemia, folate deficiency and
sideroblastic disease, can affect TB patients [3]. A strong, positive association of non-iron-
deficient anemia with TB recurrence, mortality, and HIV disease progression suggests
that factors other than iron deficiency also contribute to the association of anemia with
poor clinical outcomes. TB induces a systemic inflammatory response that stimulates the
synthesis of hepcidin from hepatocytes and macrophages [7], which is the main factor in the
iron metabolism. Hepcidin regulates absorption of iron: in inflammation, its concentration
increases; therefore, the serum level of iron decrease, and this process could be responsible

http://www.who.int
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for anemia. Macrocytic anemias due to deficiency of folates or vitamin B12 have been
described in the literature [8], mainly associated with malnutrition, an increase in folate
consumption during the inflammatory phase of the disease, malabsorption syndrome
due to intestinal and especially ileal localization of the disease [8]. Vitamin B12 deficiency
is rarely reported despite the ileocecal region being the most common site for abdominal
TB. Another factor to be considered is that anemia can also occur in the early phase of the
treatment of TB after normal hematopoiesis reestablishment. As inflammation decreases
during treatment, iron therefore becomes available for hematopoiesis, causing an increase
in reticulocytes [5–7].

In a study conducted in Dar-es-Salaam, anemia at the beginning of TB treatment
was strongly associated with delayed sputum smear conversion in sputum-positive TB
patients, with a dose–response effect. Anemic patients were three times more likely to have
a sputum-positive smear as than were non-anemic patients at two months, with the risk
of sputum-positive smear results increasing with severity of anemia [9]. This is a factor
to which the clinician must pay attention, as persistent sputum smear positivity during
treatment is a predictor of adverse treatment outcome [9].

3.2. White Blood Cell Disorders (WBC)

Hematological abnormalities involving the white blood cells can be associated with TB
and include leukopenia, neutropenia, lymphocytopenia, monocytopenia, leukocytosis, neu-
trophilia, lymphocytosis and monocytosis, and pancytopenia (mainly in miliary TB) [3].
In a Chinese cross-sectional and follow-up study considering leukopenia in patients
with TB, female gender, older age, duration of previous anti-TB treatment for more than
6 months [6] and use of antibiotics were risk factors for leukopenia. The prevalence of
leukopenia in TB patients newly treated was 10.4%, while that of the previously treated TB
patients was 9.1% [10].

Neutrophils can be also affected, with neutrophilia being more common than neu-
tropenia [10], and both parameters return to normal following successful treatment. In rare
and more severe cases, a leukemoid reaction can occur, mimicking the appearance of
acute leukemia. Neutropenia is rarer and is due to the suppression of granulopoiesis by
activated T cells; folate and vitamin B12 deficiency; marrow fibrosis or dysfunction due to
localization of disease; or splenic sequestration [5].

3.3. Platelet Disorders

TB is associated with thrombocytosis, which is related to the intensity of the inflamma-
tory response; the extent of thrombocytosis can be monitored as an inflammatory marker,
such as the erythrocyte sedimentation rate and serum C-reactive protein [11,12]. It is
thought that thrombocytosis is related to increased levels of interleukin 6, which is respon-
sible for the hypercoagulability state, deep vein thrombosis and thromboembolism [13].

Thrombocytopenia is more common in patients with miliary TB, while thrombocy-
tosis is more common in patients with pulmonary TB [14]. Most patients with dissemi-
nated/miliary [13] TB show severe anemia, peripheral monocytopenia and bone marrow
histiomonocytosis, and this is due to the formation of bone marrow granulomas. Hyper-
splenism, histiocytic hyperplasia, maturational arrest, and infiltration of the bone marrow
by caseating or non-caseating granulomas are considered causes of pancytopenia in dis-
seminated or extrapulmonary TB [12]. The hemogram returns to normal after specific
therapy [12,13]. Some authors suggest investigating thrombocytosis with negative acid-fast
staining (AFS) as a potential indicator of TB infection. Immune thrombocytopenia (ITP) is
an autoimmune condition that results in isolated thrombocytopenia associated with possi-
bly lethal hemorrhage; it can also be triggered by infectious and non-infectious conditions.
Secondary ITP associated with TB has rarely been described in the literature [13].
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4. Rare Hematological Manifestations in Active TB
4.1. Henoch–Schönlein Purpura

Henoch–Schönlein purpura (HSP) is a vasculitic syndrome characterized by the erup-
tion of diffuse urticarial plaques and palpable purpura mainly on the lower extremities,
abdominal pain, joint pain, and renal involvement, evidenced by proteinuria and/or
hematuria [15]. This is an extremely rare condition, seen in several virus and bacterial
infections and in patients with pulmonary TB. There are only a few reported cases, sug-
gesting that it is difficult to make a definitive diagnosis when HSP presents as an initial
manifestation of pulmonary TB [15]. Besides a mandatory criterion, such as palpable
purpura (not thrombocytopenia), the latest diagnostic criteria of HSP include at least one
of the following manifestations: diffused abdominal pain, leukocytoclastic vasculitis with
predominant IgA deposits on skin biopsy, acute arthritis, arthralgia in any joint and renal
involvement as evidenced by proteinuria and/or hematuria [16].

Pulmonary TB presenting with HSP as an initial manifestation is not common and
consequently difficult to clinically diagnose and manage [16]. When an adult patient
presents with HSP, it is important to consider the possibility of TB to avoid misdiagnosis
and delayed treatment.

4.2. Pancytopenia

Pancytopenia is a hematological abnormality due to bone marrow localization of TB
in extra-pulmonary TB [14]. Diagnosis is challenging, but rapid diagnosis and commence-
ment of treatment are essential, as observed by Alghamdi et al. [14]. Several factors are
considered to cause pancytopenia in disseminated or extrapulmonary TB (EPTB), includ-
ing hypersplenism, histiocytic hyperplasia, maturation arrest and infiltration of the bone
marrow by granulomas with subsequent fibrosis [17]. The clinical presentation includes
fever, weight loss, pallor and massive splenomegaly with pancytopenia; in most cases,
the diagnosis can be made only after bone marrow biopsy [1]. After starting treatment,
the bone involvement decreases and the blood count improves; thus, the timing of TB
treatment is very important.

4.3. Immune Hemolytic Anemia

To date, few cases of hemolytic anemia in patients with disseminated TB have been
described [18]. Autoimmune hemolytic anemia (AIHA) is a rare condition associated
with many infectious diseases and TB. Some studies have shown that injection of bacilli
or their derivates is able to induce hemolytic anemia, pancytopenia and myelofibrosis
in small animals [18,19]. In humans, the bacilli may cause marked proliferation of the
reticuloendothelial tissues, with immune hematologic disorders.

Glucocorticoids are usually the first line of treatment in AIHA with gradual taper-
ing after the first days of treatment and dose adjustment in relapses. In resistant cases,
intravenous immunoglobulins or immunosuppressive drug administration can be neces-
sary [18,19]. In cases of hemolytic anemia associated with infection, immediate initiation of
antimicrobial therapy is very important and may be lifesaving.

4.4. Myelofibrosis

Myelofibrosis, also known as myelosclerosis, is a rare hematologic disorder charac-
terized by extensive fibrosis of the bone marrow [20]. Whether TB stimulates a secondary
fibrotic reaction or develops in patients with preexisting myeloproliferative disorders is
still debatable. Pancytopenia, secondary to the myelosuppressive effects of TB, has been
supported by cases where recovery of peripheral blood counts with antituberculous ther-
apy has been accepted as evidence of a normal bone marrow [20]. TB frequently raises the
possibility of myelofibrosis among non-hematopoietic diseases, so clinicians must carefully
monitor hospitalized patients with preexisting chronic myeloproliferative disorders. Some
authors have reported greater severity of TB and exacerbation of myelofibrosis in patients



Microorganisms 2021, 9, 1477 5 of 15

treated with ruxolitinib, a kinase inhibitor that is widely used to treat myelofibrosis and
polycythemia [21].

4.5. Hemophagocytic Lymphohistiocytosis

Hemophagocytic lymphohistiocytosis (HLH) is an uncommon, potentially fatal hy-
perinflammatory syndrome that may rarely complicate the clinical course of disseminated
Mycobacterium tuberculosis (MTB) [22]. HLH should be considered in the differential diag-
nosis in patients with TB who present with cytopenias, organomegaly and coagulopathy.
It is associated with cytokine storm and inflammation, which seriously affect quality of
life. HLH is rare, with a lower incidence in adults than in children, and it usually presents
secondary to cancer, infections, autoimmune and other diseases [22]. Among infectious
diseases, secondary or acquired, HLH is commonly associated with viral infections, such as
Epstein–Barr virus and cytomegalovirus, and bacterial infections. Secondary HLH can also
be associated with TB-HLH. Hemophagocytic lymphohistiocytosis is a severe complication
of TB infection and has a high mortality [23]. For patients with fever of unknown origin
(FUO), HLH-related clinical manifestations sometimes present before the final diagnosis of TB.

4.6. Leukaemoid Reaction

Leukemoid reaction is a reversible hematological reaction defined as a response to
severe infection, burns and other conditions associated with a high leukocyte count and
smear blood films that resemble those seen in leukemic or sub-leukemic manifestations [24].
It is defined as a leukocytosis exceeding 50,000 cells/mL accompanied by an increase in
neutrophil precursors, and the count of leukocytes rarely exceeds 60 × 109/L.

Due to alterations in the blood, similar to cases of hematological neoplastic disorders,
it is necessary to distinguish it from leukemia [24]. Leukemoid reaction is usually apparent
with many clinical signs. Leukocytosis associated with leukemoid reaction is transient and
may return to normal when the causes are removed. Leukemoid reaction classification
depends on the course of the disease and the development of hematopoietic irritation into
myeloid (neutrophilic), leukemoid reaction, lymphoid leukemoid reaction, eosinophilic
leukemoid reaction, monocytic leukemoid reaction and basophilic leukemoid reaction [25].
Leukemoid reactions resembles chronic myeloid leukemia or chronic neutrophilic leukemia;
they may take place in TB, septicemia and acute megaloblastic anemia during pregnancy.
These hematologic manifestations rarely occur, usually in patients with extrapulmonary
manifestations or disseminated TB and more frequently in older males [24,25].

4.7. Hemophagocytic Syndrome

Hemophagocytic syndrome (HS) is a rare disorder of the immune system caused
by the loss of the immunoregulatory capacity, characterized by fever, lymphadenopathy,
hepatosplenomegaly, cytopenia and hyperferritinemia [26]. Infectious triggers described
differ in each country, suggesting a specific genetic background and epidemiology. HS
may be underdiagnosed due to variable clinical presentations, delaying prompt treat-
ment and contributing to the high mortality rates [26]. TB is recognizable among rare
causes of this syndrome, especially in EPTB. Diagnostic criteria of HS are as follows: fever,
splenomegaly, cytopenia (at least 2 lines), hypertriglyceridemia and/or hypofibrinogene-
mia and hemophagocytosis in bone marrow, the spleen or lymph nodes. In a low-resource
setting, even limited activation of the diagnostic pathway for disseminated TB can ex-
pedite empiric treatment of disseminated TB, thereby saving lives [26,27]. Conversely, a
delay in identifying HS as the underlying cause of either disseminated TB or TB-related
pancytopenia might be fatal [27].

4.8. Disseminated Intravascular Coagulation

The development of disseminated intravascular coagulation (DIC) is an extremely
rare life-threatening manifestation of TB. Its pathogenesis is still not clear, probably due to
mycobacterial endo- or exo-toxins, capable of initiating the clotting cascade, or protein
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release into circulation during bacteremia [28]. The incidence of DIC is high in patients
with miliary TB, as reported by Stein et al., who reviewed 13 cases of miliary TB associated
with high mortality [29], while other authors described the case of two TB patients, the first
with splenic and mesenteric lymph node TB and the second with miliary TB involving the
lungs and liver [30]. Both showed a low blood fibrinogen concentration, thrombocytopenia
and other blood disorders, such as hemorrhagic syndrome.

4.9. Thromboembolism

Thromboembolism is a complication with a higher prevalence in patients with TB
than in the general population, as confirmed in many meta-analyses (1.2% to 2.7%), and
this could be due to the presence of venous stasis, endothelial lesions and hypercoagulabil-
ity [31]. TB can be responsible for hypercoagulability as a result of chronic inflammation,
which can cause an increase in the plasma level of factor VIII, fibrinogen and the plasmino-
gen activator inhibitor as well as a reduction in protein C and antithrombin III. Various
studies demonstrate the higher prevalence of thromboembolism in TB patients [32,33]
than in the general population; Ha et al., for example, studied 7905 TB patients at Seoul
National University Boramae Medical Center from January 2000 to March 2015, reporting
an incidence of thromboembolism that was higher than that in the general population (ap-
proximately 0.1%) [32]. Higher incidence (about 2%) was reported in other papers [33,34].

No association between clinical manifestation and TB has been demonstrated. In a
recent Canadian study on 240 TB patients [35] and in large retrospective data from China,
the incidence of thromboembolism in pulmonary TB was 4.2% and 2.8%, respectively [36].
The prevalence was higher (31%) in a cohort of patients with autoimmune diseases, but
the higher prevalence in this study could be explained by the conjunction of two proin-
flammatory conditions in patients with limited mobility [37]. Another retrospective review
was performed by Sharif-Kashani et al. in 3293 TB patients. The authors showed that
venous thromboembolic events are not rare in hospitalized TB patients, with an incidence
of 0.94% [38]. Furthermore, a single-case report showed that inferior vena cava throm-
bosis and pulmonary thromboembolism can occur independently of age, representing a
hematological condition that should always be considered in patients with TB [39,40].

5. Hematologic Adverse Event Associated with TB Treatment
5.1. Isoniazid

Isoniazid is a synthetic derivative of nicotinic acid with anti-mycobacterial proper-
ties, commonly used in antitubercular therapy. Hematologic side effects of isoniazid
have rarely been described. Pure red cell aplasia was described for the first time by
Goodman in 1964, and other recent publications confirm that it is a rare condition [41].
Furthermore, due to the inhibition of δ-aminolevulinate synthase-214, isoniazid can also
be responsible for sideroblastic anemia. The frequency is rare, and only eight cases are
described in the literature, probably due to the generally medication co-prescribed with
pyridoxine [42]. Very rare side effects as described in some case reports are isoniazid-
induced agranulocytosis and thrombocytopenia [41–43].

5.2. Rifamycins (Rifampicin, Rifabutin and Rifapentine)

The rifamycins are bactericidal antibiotics inhibiting bacterial DNA-dependent RNA
polymerase and suppressing RNA synthesis; they are usually used as first-line combination
therapy for TB. Rifampicin, which is the most commonly used rifamycin, is associated
with various hematological side effects. Rifampicin-induced thrombocytopenia was re-
ported both in pulmonary and extrapulmonary TB [44], while TTP was described in
a case report of a patient under treatment for pulmonary TB and in a female treated
for latent tuberculosis [45]. In addition, Van Assendelft and colleagues studied the fre-
quency of leukopenia in two groups of patients treated with two different preparations of
rifampicin [46].
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An uncommon known side effect associated with drug administration is DIC [47].
Intermittent administration of rifampicin has shown to determine a rare immunoaller-
gic reaction, which is IgG and IgM mediated, against erythrocytes; platelets (PLTs); and
other target cells expressing blood antigen I, including renal tubular epithelial cells [47].
Sousa et al. identified only 13 previously reported cases of rifampicin-induced DIC [48], un-
derlining how this side effect is very rare. Authors described a rare case of agranulocytosis
as a side effect in a chronic renal failure patient [49]. Furthermore, two cases of hemorrhage
associated with vitamin K deficiency in pregnant women and newborns related with ri-
fampicin therapy were reported [50]. The mechanism responsible for rifampicin-induced
hemolysis is the existence of rifampicin-dependent antibodies directed at I antigens, lo-
cated at the surface of red blood cells. First reports on rifampicin-related hemolysis were
in patients receiving intermittent high-dose treatment, suggesting that these conditions
can be a prerequisite for the increased formation of rifampicin-dependent autoantibodies.
Only few cases of intravascular hemolysis related to daily drug administration have been
reported to date [51]. Table 2 summarize common and rare hematologic adverse event
due to TB treatment.

Table 2. Common and rare hematologic adverse event due to TB treatment.

Drugs Adverse Events

Rifampicin Thrombocytopenia, thrombocytopaenic purpura, leukopenia, disseminated
intravascular coagulation, agranulocytosis, hemolysis

Isoniazid Red cell aplasia, sideroblastic anemia, agranulocytosis, thrombocytopenia

Ethambutol Hemolytic anemia, neutropenia and eosinophilia, agranulocytosis, thrombocytopenia

Pyrazinamide Thrombocytopenia, megaloblastic anemia, sideroblastic anemia

Rifapentin Acute porfiria, aplastic anemia, autoimmune hemolysis, agranulocytosis, leucemoid
reaction, leukopenia, thrombocytopenia, TTP

Rifabutin Leukopenia

Cycloserine Vitamin B12 deficiency, folic acid deficiency, megaloblastic anemia, sideroblastic anemia

Para-Aminosalicylic Acid (PAS) Agranulocytosis, thrombocytopenia, hemolytic anemia, methemoglobinemia

Streptomycin Eosinophilia, leukopenia, thrombocytopenic purpura

Amikacin DRESS syndrome

Levofloxacin Thrombocytopenia, pancytopenia, hemolytic anemia

Moxifloxacin Neutropenia

Clofazimine
Hemolytic anemia, anemia, reduction in total red cell number, macrocytosis,

poikilocytosis, hypochromia, normocytic and normochromic anemia, anisocytosis,
elevated reticulocyte counts

Ethionamide Prothionamide Agranulocytosis, leuko-neutropenia

Delamanid No data

Meropenem/Imipenem Thrombocytopenia, neutropenia, hemolytic anemia

Linezolid Thrombocytopenia, anemia and neutropenia, myelosuppression

TPP: thrombotic thrombocytopenic purpura; PAS: para-aminosalicylic acid; DRESS: drug rash with eosinophilia and systemic symptoms.

As rifapentine was approved for medical use in 1998, various hematological side
effects associated with its administration have been observed, such as acute porphyria,
aplastic anemia, autoimmune hemolysis, agranulocytosis, leukemoid reaction, leukopenia,
thrombocytopenia and TTP, but little evidence is reported in the literature.

Rifabutin is similar in structure and activity to rifampicin and rifapentine; it is largely
used in the prevention of the M. avium complex (MAC) in advanced HIV infection and in
those HIV patients who do not tolerate rifampicin.
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The main hematological adverse event reported for rifabutin is leukopenia, as reported
by Chitre et al. It is currently unknown whether the leukopenia is dosage related or
idiosyncratic [52]. Apseloff et al. described severe neutropenia among several healthy
volunteers receiving therapeutic doses of rifabutin [53] as the most frequently reported
adverse event after administration of rifabutin, occurring in 33 of 50 subjects and ranging
from mild to potentially life threatening; it has also been demonstrated that rifabutin caused
a significantly greater decrease in absolute neutrophil counts than did rifampicin [54].

5.3. Ethambutol

Ethambutol is an antibiotic with bacteriostatic, antimicrobial and antitubercular prop-
erties, and it interferes with the biosynthesis of arabinogalactan, a major polysaccharide of
the mycobacterial cell wall. It has been associated with various hematologic side effects,
although rare, affecting mainly elderly people and mostly females. Some authors described
ethambutol-induced hemolytic anemia in a 71-year-old patient with a diagnosis of reacti-
vated silico-TB [55], while other authors reported agranulocytosis and thrombocytopenia
during treatment [56,57]. In addition, some authors reported neutropenia and eosinophilia
in an elderly patient with reactivation of pulmonary TB as a side effect [58].

5.4. Pyrazinamide

Pyrazinamide is a synthetic pyrazinoic acid amide derivative with bactericidal prop-
erties, and it is particularly active against slowly multiplying intracellular bacilli. In
the literature, there are a few cases of hematologic adverse events due to pyrazinamide.
Kant et al. described thrombocytopenia both in a 20-year-old patient with tubercular
meningitides and in a 75-year-old patient with pulmonary TB [59] and in association with
sideroblastic anemia [60]. Megaloblastic anemia is a very rare event that may occur in
elderly patients [61].

5.5. Streptomycin

Streptomycin (SM) is an aminocyclitol glycoside antibiotic that inhibits the initiation
of protein synthesis discovered in 1943, and it was the first drug to be used in the treatment
of TB in 1948 [62].

SM-associated eosinophilia has been described [63]. There are studies regarding
hemolytic anemia due to streptomycin use, such as that of Nachman et al., who reported
a 49-year-old female with pulmonary TB [64]. Other hematologic abnormalities found
include leukopenia and thrombocytopenic purpura [62–64].

5.6. Amikacin

Amikacin is an aminoglycoside antibiotic used in the treatment of TB. The only
reported hematologic side effect of amikacin is drug rash with eosinophilia and systemic
symptoms (DRESS syndrome), a severe allergic syndrome characterized by generalized
skin rash, blood eosinophilia and multiple-organ failure induced by drug-specific T cells.
This case was reported by Bensad et al. in a 42-year-old male who was treated for septic
arthritis [65].

5.7. Cycloserine

Cycloserine is a broad-spectrum antibiotic used as a second-line agent for the treatment
of drug-resistant tuberculosis. It has shown many, although infrequent, hematological side
effects. Vitamin B12 deficiency, folic acid deficiency, megaloblastic anemia, sideroblastic
anemia and folate deficiency were described by Klipstein et al. in two patients and in a
groups of 40 control subjects and 120 patients with pulmonary TB. Decreased serum folate
concentrations were more frequent in patients receiving both cycloserine and isoniazid
than in those being treated with other drugs [66].
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5.8. Para-Aminosalicylic Acid

Para-aminosalicylic acid (PAS) is a bacteriostatic chemotherapeutic agent used in the
therapy of tuberculosis caused by strains of the mycobacteria resistant to other anti-TB
drugs or if the patient is intolerant to other drugs. After administration of PAS, many
hematological side effects were observed. Thrombocytopenia has been reported both in
adult patients with pulmonary TB [67] and in children [68]. Rab and colleagues described a
case of severe and rare agranulocytosis due to PAS in a 19-year-old patient with pulmonary
TB [69]. Hypersensitivity reactions to PAS occurred in 0.3 to 8% of persons receiving the
drug, generally in about a month but occasionally as late as five months after the beginning
of therapy. Eosinophilia is quite common and may reach a level of 40% of patients [70].
Acute hemolysis has been reported in two cases attributed to the use of PAS solution
containing meta-aminophenol and other phenolic substances [71]. Rare cases of hemolytic
anemia [72] and methemoglobinemia were described in both young and elderly pulmonary
TB patients [70,72].

5.9. Levofloxacin and Moxifloxacin

Fluoroquinolones (FQ) are among the most important group of drugs for the treatment
of MDR-TB. Few cases of hematologic reaction due to levofloxacin were reported [73].
Thrombocytopenia, pancytopenia, microangiopathy and hemolytic anemia are adverse
events related to levofloxacin administration [73–75].

Two MDR TB patients manifested TTP after moxifloxacin administration with a
mechanism poorly understood and probably secondary to hypersensitivity reaction [76].
Drug-induced thrombocytopenia is thought to occur via two mechanisms: impaired platelet
production or increased platelet destruction (the latter typically occurs more often). While
not completely explained, immune-mediated platelet destruction occurs when the drug
interacts with platelets or antibodies to expedite the clearance of platelets [77].

5.10. Clofazimine

Clofazimine (CFZ) is a fat-soluble riminophenazine used in the treatment regimen for
MDR-TB. Hematological association with clofazimine includes hemolytic anemia, anemia,
reduction in total red cell number, macrocytosis, poikilocytosis, hypochromia, normocytic
and normochromic anemia, anisocytosis and elevated reticulocyte counts [78,79].

5.11. Meropenem/Imipenem

The carbapenem group of drugs, which includes meropenem, imipenem and er-
tapenem, is currently used to treat MDR and extensively drug-resistant tuberculosis
(XDR-TB), with imipenem–cilastatin and meropenem listed as add-on drugs in the updated
WHO treatment guidelines [80].

There are limited available data regarding hematological adverse events due to car-
bapenems. The most frequently reported side effects of meropenem are thrombocytopenia,
neutropenia and hemolytic anemia. Only one case of immune thrombocytopenia is avail-
able in the literature [81], and this case was due to interaction with PLTs or antibodies,
thereby accelerating PLT clearance [82]. Neutropenia was described in a pediatric case;
the mechanism primarily assumed to be involved was immune-mediated or direct toxic-
ity in bone marrow, but other mechanisms were proposed, including hapten formation,
complement-mediated cell destruction, antibody-mediated cell destruction and direct
toxicity of myeloid precursors [83]. Data on hemolytic IgM drug-dependent anemia are
available. Serum antibodies of a patient activated the complement system and induced
intravascular lysis, with activation of the complement system [84].

Hematological side effects of imipenem are less frequently reported than are those for
meropenem, accounting for neutropenia and thrombocytopenia [85,86].



Microorganisms 2021, 9, 1477 10 of 15

5.12. Delamanid

Delamanid, a nitroimidazo-oxazole derivative, is a new anti-TB drug that exhibits
potent in vitro and in vivo antitubercular activity against drug-susceptible and -resistant
strains of Mycobacterium tuberculosis. It is approved in several countries, including Japan
and various countries in Europe, for use as part of an appropriate combination regimen in
adults with MDR-TB when an effective treatment regimen cannot otherwise be composed
due to resistance or tolerability. Despite the presence of hematological side effects on the
warning label, no data in the literature are available.

5.13. Thioamides

Thioamides, including ethionamide and prothionamide, are considered interchange-
able second-line bacteriostatic agents for MDR-TB. Only two cases of agranulocytosis
during therapy for pulmonary tuberculosis and a case of leuko-neutropenia were reported
in the literature [87].

5.14. Linezolid

Linezolid was recently reclassified by the World Health Organization (WHO) as a
group A drug for the treatment of MDR-TB and XDR-TB, suggesting that it should be
included in the regimen for all patients unless contraindicated [88].

Linezolid’s use carries a considerable risk of toxicity, with the optimal dose and dura-
tion remaining unclear. Prolonged linezolid treatment (>14 days) is considered to increase
the risk of hematological adverse events, including anemia, leucopenia, thrombocytopenia
and even pancytopenia [88]. There are case reports of reversible thrombocytopenia, anemia
and neutropenia associated with linezolid therapy. In phase III studies, 2.4% of patients
treated with linezolid and 1.5% of patients treated with comparator drugs developed re-
versible thrombocytopenia, but there is no evidence of an increased risk of agranulocytosis,
aplastic anemia or other irreversible blood dyscrasias [89]. The mechanism is unknown,
but it is supposed that linezolid has a reversible suppressive effect on bone marrow [90,91].
Thrombocytopenia is among the most important adverse effects of linezolid treatment,
with an incidence that varies considerably, although it has been associated with impaired
renal function. The most common mechanism of thrombocytopenia associated with line-
zolid is the inhibition of the formation of platelets, while impaired renal function increases
thrombocytopenia via a pharmacokinetic mechanism; therefore, linezolid doses should be
reduced [92].

Kim et al. reported prolonged treatment, chronic liver disease and increased plasma line-
zolid concentration as risk factors associated with linezolid-induced thrombocytopenia [93].

Ring sideroblasts were found in the bone marrow of a patient who developed siderob-
lastic anemia after two months of therapy for abscesses due to MRSA [94]. Abundant ring
sideroblasts in the bone marrow, thrombocytopenia and abnormal erythroblast morphol-
ogy were found in a patient who developed renal dysfunction after 2 weeks of linezolid
treatment [95]. Willekens et al. found that ring sideroblasts were in approximately 15% of
patients who required bone marrow evaluation after moderate exposure to treatment of
13.5 days; the mechanism probably involved is linezolid’s specific binding to mitochondrial
ribosomes, leading to inhibition of mitochondrial protein synthesis [96]. Linezolid may
also cause myelosuppression and pancytopenia. Myelosuppression was observed as a side
effect, which appeared to be both time and dose dependent and reversible upon cessation
of the drug [97].

The risk of hematological adverse effects of linezolid may increase with prolonged
use, as suggested by Letswee et al., who carried out a retrospective review of 27 patients
hospitalized for MDR-TB and treated with the use of long-term linezolid (12 months);
seven of these patients presented with hematological adverse effects that appeared after
an average of 30 days of treatment [98]. The most common adverse effects were anemia
and macrocytosis managed by dose reduction and blood transfusions. The authors recom-
mended hematological monitoring weekly and thereafter monthly to detect early adverse
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effects, particularly for patients living with HIV [90,99]. In a systematic review on the
efficacy and tolerability of linezolid, authors confirmed that linezolid is a viable option in
the treatment of MDR/XDR TB, although patients ought to be monitored closely for the
incidence of major adverse events, such as myelosuppression and neuropathy [100].

5.15. Bedaquiline

In 2012, the Food and Drug Administration approved the use of bedaquiline fumarate
as part of combination therapy for MDR TB, and it dramatically improved the therapeutic
success rate and presented great adherence to treatment. No hematological adverse events
have been associated with bedaquiline.

6. Conclusions and Recommendations

In our literature review, we found how hematological events in TB patients can be
predictors of both diagnosis and worse outcome for TB, regardless whether it is pulmonary,
extra pulmonary or miliary.

Even anti-TB therapies can cause hematological adverse events, among which some
are serious and rare and compromise the patient’s recovery following treatment completion.
In fact, if, on the one hand, there seems to be an underreporting of data with several case
reports describing adverse events or rare presentations, in the absence of multicentric and
prospective studies, it seems understandable; however, on the other hand, antituberculous
therapy, faced with the challenge of confronting a big killer, can also effect the hematological
profile. Therefore, a comprehensive approach to TB is needed.

Based on the literature review, we recommend the management of hematological
manifestations and adverse drug events during treatment in active TB to be conducted
as follows:

- Hematological screening and follow-up, including CBC and coagulation, are always
necessary both at the diagnosis of TB and during antitubercular treatment in order
to monitor hematological parameters, even if rare, aiming at early detection of those
factors predictive of therapeutic failure or worse outcome [101]; we suggest controlling
them every fortnight in the first two months of antitubercular treatment and once a
month in the following months.

- Close monitoring of drug interactions and hematological adverse events is always
recommended.

- Short therapy regimens for MDR-TB, when possible, may also be useful to reduce
hematological toxicity, especially when this cannot be monitored.

- Where possible, a CT scan with intravenous contrast medium administration should
be carried out to rule out pulmonary embolism in high-risk TB patients.

- Hematological disorders in patients with TB are possible in both young and old fe-
males and males with TB, but they seem more frequent in the elderly. This observation
underlines that the elderly are a particularly vulnerable group with a high risk of poor
outcome who need careful medical attention and hematological monitoring, even
during antituberculous treatment [102].

- Drug discontinuation in cases of serious adverse events is always necessary. In the
case of linezolid, consider starting again with a lower dose (300 mg/day instead of
600 mg/day) if the myelosuppression resolves and if linezolid is considered essential
for the regimen [101]. Other non-drug-related causes must also be considered.

- The development of a comprehensive prospective database on hematological man-
ifestations in patients with TB, especially rare ones, is important; this must include
hematological adverse reactions during antituberculous treatment to monitor and
evaluate the severity and the impact on TB outcome and to improve the control of
the treatment.



Microorganisms 2021, 9, 1477 12 of 15

Author Contributions: Conceptualization: M.L.M., I.F., F.D.G. and F.P.; methodology: F.D.G. and
E.G.; writing—original draft preparation: I.F. and M.L.M.; writing—review and editing: F.P., G.G.
and M.A.; supervision: D.G., A.S., C.C., A.M., R.L. and S.M. All authors have read and agreed to the
published version of the manuscript.

Funding: The source of funds is the Italian Ministry of Health; grant: Ricerca Corrente; research
program: no.4: tuberculosis.

Data Availability Statement: Our data are available on PubMed, Scopus, Google Scholar, EMBASE,
Cochrane Library and WHO websites (http://www.who.int accessed on 20 May 2021) in accordance
with bibliography references.

Acknowledgments: The authors thank all physicians, nursing staff and socio-health operators of the
National Institute for Infectious Diseases “L. Spallanzani”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organitation (WHO). Global Tuberculosis Report 2020; WHO: Geneva, Switzerland, 2020; Available online: https:

//www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2020 (accessed on 25 May 2021).
2. Singh, K.J.; Ahluwalia, G.; Sharma, S.K.; Saxena, R.; Chaudhary, V.P.; Anant, M. Significance of Haematological Manifestations in

Patients with TB. J. Assoc. Physicians India 2001, 49, 788–794. [PubMed]
3. Balepur, S.S.; Schlossberg, D. Hematologic Complications of Tuberculosis. Microbiol. Spectr. 2016, 4, 529–539. [CrossRef] [PubMed]
4. Barzegari, S.; Afshari, M.; Movahednia, M.; Moosazadeh, M. Prevalence of anemia among patients with tuberculosis: A systematic

review and meta-analysis. Indian J. Tuberc. 2019, 66, 299–307. [CrossRef] [PubMed]
5. Balepur, S.S.; Schlossberg, D. Hematologic Complications of TB. In TB and Nontuberculous Mycobacterial Infections, 7th ed.;

Wiley Online Library: London, UK, 2017; pp. 529–539.
6. Gelaw, Y.; Getaneh, Z.; Melku, M. Anemia as a risk factor for TB: A systematic review and meta-analysis. Environ. Health Prev.

Med. 2021, 26, 13. [CrossRef]
7. Hella, J.; Cercamondi, C.I.; Mhimbira, F.; Sasamalo, M.; Stoffel, N.; Zwahlen, M.; Bodmer, T.; Gagneux, S.; Reither, K.; Zimmer-

mann, M.B.; et al. Anemia in tuberculosis cases and household controls from Tanzania: Contribution of disease, coinfections, and
the role of hepcidin. PLoS ONE 2018, 13, e0195985. [CrossRef] [PubMed]

8. Pannu, A.K.; Palanisamy, D.R. Ileocaecal tuberculosis: An under-recognised cause of vitamin B12 deficiency. Trop. Dr. 2019, 49,
143–144. [CrossRef] [PubMed]

9. Nagu, T.J.; Spiegelman, D.; Hertzmark, E.; Aboud, S.; Makani, J.; Matee, M.I.; Fawzi, W.; Mugusi, F. Anemia at the Initiation of
Tuberculosis Therapy Is Associated with Delayed Sputum Conversion among Pulmonary Tuberculosis Patients in Dar-es-Salaam,
Tanzania. PLoS ONE 2014, 9, e91229. [CrossRef]

10. Lin, F.-S.; Wu, M.-Y.; Tu, W.-J.; Pan, H.-Q.; Zheng, J.; Shi, J.-W.; Fei, Z.-T.; Zhang, R.-M.; Yan, W.-G.; Shang, M.-Q.; et al. A cross-
sectional and follow-up study of leukopenia in tuberculosis patients: Prevalence, risk factors and impact of anti-tuberculosis
treatment. J. Thorac. Dis. 2015, 7, 2234–2242. [CrossRef]

11. Baynes, R.D.; Bothwell, T.H.; Flax, H.; McDonald, T.P.; Atkinson, P.; Chetty, N.; Bezwoda, W.R.; Mendelow, B.V. Reactive
thrombocytosis in pulmonary tuberculosis. J. Clin. Pathol. 1987, 40, 676–679. [CrossRef]

12. Renshaw, A.A.; Gould, E.W. Thrombocytosis Is Associated With Mycobacterium tuberculosis Infection and Positive Acid-Fast
Stains in Granulomas. Am. J. Clin. Pathol. 2013, 139, 584–586. [CrossRef]

13. Avasthi, R.; Mohanty, D.; Chaudhary, S.C.; Mishra, K. Disseminated tuberculosis: Interesting hematological observations. J. Assoc.
Physicians India 2010, 58, 243–244. [PubMed]

14. Alghamdi, A.A.; Awan, F.S.; Maniyar, I.H.; Alghamdi, N.A. Unusual Manifestation of Extrapulmonary Tuberculosis. Case Rep.
Med. 2013, 2013, 1–3. [CrossRef] [PubMed]

15. Li, J.; Wang, X.Z.; Wang, R.C.; Yang, J.; Hao, H.L.; Xue, L.Y. Pulmonary tuberculosis presenting as henoch-schönlein purpura:
Case report and literature review. Medicine 2020, 99, e22583. [CrossRef]

16. Besbas, N.; Saatci, U.; Ruacan, S.; Ozen, S.; Sungur, A.; Bakkaloglu, A.; Elnahas, A.M. The role of cytokines in Henoch Schonlein
purpura. Scand. J. Rheumatol. 1997, 26, 456–460. [CrossRef]

17. Bobbio, F.; Di Gennaro, F.; Marotta, C.; Kok, J.; Akec, G.; Norbis, L.; Monno, L.; Saracino, A.; Mazzucco, W.; Lunardi, M.
Focused ultrasound to diagnose HIV-associated tuberculosis (FASH) in the extremely resource-limited setting of South Sudan: A
cross-sectional study. BMJ Open 2019, 9, e027179. [CrossRef] [PubMed]

18. Kuo, P.H.; Yang, P.C.; Kuo, S.S.; Luh, K.T. Severe immune hemolytic anemia in disseminated tuberculosis with response to
antituberculosis therapy. Chest 2001, 119, 1961–1963. [CrossRef]

19. Gupta, V.; Bhatia, B.D. Abdominal tuberculosis with autoimmune hemolytic anemia. Indian J. Pediatr. 2005, 72, 175–176. [CrossRef]
20. Sharma, N.; Bikkina, S.V.; Gupta, M.; Tahlan, A. Myelofibrosis: An unusual presentation of disseminated tuberculosis. Int. J.

Mycobacteriol. 2020, 9, 216–219.

http://www.who.int
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2020
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2020
http://www.ncbi.nlm.nih.gov/pubmed/11837465
http://doi.org/10.1128/microbiolspec.TNMI7-0004-2016
http://www.ncbi.nlm.nih.gov/pubmed/28084210
http://doi.org/10.1016/j.ijtb.2019.04.002
http://www.ncbi.nlm.nih.gov/pubmed/31151500
http://doi.org/10.1186/s12199-020-00931-z
http://doi.org/10.1371/journal.pone.0195985
http://www.ncbi.nlm.nih.gov/pubmed/29677205
http://doi.org/10.1177/0049475518816590
http://www.ncbi.nlm.nih.gov/pubmed/30541387
http://doi.org/10.1371/journal.pone.0091229
http://doi.org/10.3978/j.issn.2072-1439.2015.12.41
http://doi.org/10.1136/jcp.40.6.676
http://doi.org/10.1309/AJCPCM1CKASVBMBP
http://www.ncbi.nlm.nih.gov/pubmed/21046880
http://doi.org/10.1155/2013/353798
http://www.ncbi.nlm.nih.gov/pubmed/23710189
http://doi.org/10.1097/MD.0000000000022583
http://doi.org/10.3109/03009749709065719
http://doi.org/10.1136/bmjopen-2018-027179
http://www.ncbi.nlm.nih.gov/pubmed/30944140
http://doi.org/10.1378/chest.119.6.1961
http://doi.org/10.1007/BF02760706


Microorganisms 2021, 9, 1477 13 of 15

21. Peng, Y.; Meng, L.; Hu, X.; Han, Z.; Hong, Z. Tuberculosis in Patients with Primary Myelofibrosis During Ruxolitinib Therapy:
Case Series and Literature Review. Infect. Drug Resist. 2020, 13, 3309–3316. [CrossRef]

22. Rosado, F.G.; Kim, A.S. Hemophagocytic lymphohistiocytosis: An update on diagnosis and pathogenesis. Am. J. Clin. Pathol.
2013, 139, 713–727. [CrossRef] [PubMed]

23. Aggarwal, P.; Kumar, G.; Dev, N.; Kumari, P. Haemophagocytic lymphohistiocytosis: A cause for rare but fatal outcome in
tuberculosis. BMJ Case Rep. 2012, 2012, bcr2012006982. [CrossRef]

24. Skårberg, K.O.; Lagerlöf, B.; Reizenstein, P. Leukaemia, Leukaemoid Reaction and Tuberculosis. Acta Med. Scand. 2009, 182,
427–432. [CrossRef]

25. Thomas, M.; AlGherbawe, M. Acute Myeloid Leukemia Presenting with Pulmonary Tuberculosis. Case Rep. Infect. Dis. 2014,
2014, 1–4. [CrossRef]

26. Jolobe, O.M. Hematological “red flags” for disseminated tuberculosis: A diagnostic opportunity for the emergency physician?
Am. J. Emerg. Med. 2019, 37, 1195–1196. [CrossRef] [PubMed]

27. Gil-Brusola, A.; Pemán, J.; Santos, M.; Salavert, M.; Lacruz, J.; Gobernado, M. Disseminated histoplasmosis with hemophagocytic
syndrome in a patient with AIDS: Description of one case and review of the Spanish literature. Rev. Iberoam. Micol. 2007, 24,
312–316. [CrossRef]

28. Wang, J.-Y.; Hsueh, P.-R.; Liaw, Y.-S.; Shau, W.-Y.; Yang, P.-C.; Luh, K.-T.; Lee, L.-N. Mycobacterium tuberculosis inducing
disseminated intravascular coagulation. Thromb. Haemost. 2005, 93, 729–734. [CrossRef] [PubMed]

29. Stein, D.S.; Libertin, C.R. Disseminated Intravascular Coagulation in Association With Cavitary Tuberculosis. South. Med. J. 1990,
83, 60–63. [CrossRef]

30. Mavligit, G.M.; Binder, R.A.; Crosby, W.H. Disseminated intravascular coagulation in miliary tuberculosis. Arch. Intern. Med.
1972, 130, 388–389. [CrossRef]

31. Danwang, C.; Bigna, J.J.; Awana, A.P.; Nzalie, R.N.T.; Robert, A. Global epidemiology of venous thromboembolism in people
with active TB: A systematic review and meta-analysis. J. Thromb. Thrombolysis 2021, 51, 502–512. [CrossRef]

32. Ha, H.; Kim, K.H.; Park, J.H.; Lee, J.-K.; Heo, E.Y.; Kim, J.-S.; Kim, D.K.; Choi, I.S.; Chung, H.S.; Lim, H.J. Thromboembolism in
Mycobacterium TB Infection: Analysis and Literature Review. Infect. Chemother. 2019, 51, 142–149. [CrossRef]

33. Awana, P.A.; Danwang, C.; Tochie, J.N.; Bigna, J.J. Epidemiology of venous thromboembolism in people with active TB: A
systematic review and meta-analysis protocol. BMJ Open 2019, 9. [CrossRef]

34. Altuwaijri, T.; Alhindi, G.; Al-Qattan, N.; Alkharashi, S.; Somily, A.; Altoijry, A. Occurrence of Venous Thromboembolism in
Hospitalized Patients with TB in Saudi Arabia: A Retrospective Cohort Study. Int. J. Mycobacteriol. 2020, 9, 205–208.

35. Lau, A.; Sligl, W.; Sun, K.; Barrie, J.; Long, R. Incidence and significance of venous thromboembolism in critically ill pulmonary
TB patients. Eur. Respir. J. 2020, 56, 2001753. [CrossRef] [PubMed]

36. Park, H.; Cha, S.-I.; Lim, J.-K.; Jeon, K.N.; Yoo, S.-S.; Lee, J.; Lee, S.-Y.; Kim, C.-H.; Park, J.-Y. Clinical Characteristics of Coexisting
Pulmonary Thromboembolism in Patients With Respiratory Tuberculosis. Am. J. Med. Sci. 2017, 353, 166–171. [CrossRef]
[PubMed]

37. Valence, M.; Decaux, O.; Revest, M.; Jego, P.; Tattevin, P. Association of tuberculosis and deep venous thromboembolism in
patients with autoimmune diseases. Eur. J. Intern. Med. 2015, 26, e23–e24. [CrossRef] [PubMed]

38. Sharif-Kashani, B.; Bikdeli, B.; Moradi, A.; Tabarsi, P.; Chitsaz, E.; Shemirani, S.; Esmaili-Khansari, M.; Masjedi, M.-R. Coexisting
venous thromboembolism in patients with tuberculosis. Thromb. Res. 2010, 125, 478–480. [CrossRef]

39. Pérez Alves, B.; Balado Rico, M.; Esteban Fernández, F.J.; Sánchez Ayuso, J. Pulmonary Thromboembolism As a Complication in
Mycobacterium TB Infection. Arch. Bronconeumol. 2018, 54, 591–592. [CrossRef] [PubMed]

40. Huang, L.; Yin, C.; Gu, X.; Tang, X.; Zhang, X.; Hu, C.; Chen, W. Severe pulmonary tuberculosis complicated with insidious
pulmonary thromboembolism: A case report and literature review. J. Thromb. Thrombolysis 2020, 49, 644–650. [CrossRef] [PubMed]

41. Goodman, S.B.; Block, M.H. A Case of Red Cell Aplasia Occurring as a Result of Antituberculous Therapy. Blood 1964, 24, 616–623.
[CrossRef]

42. Holla, S.K.; Achappa, B.; Raguram, P.M.; Yerramsetti, S. Isoniazid-induced pure red cell aplasia. BMJ Case Rep. 2018, 2018,
2018226134. [CrossRef]

43. Mehrotra, T.N.; Gupta, S.K. Agranulocytosis following isoniazid. Report of a case. Indian J. Med. Sci. 1973, 27, 392–393. [PubMed]
44. Blajchman, M.A.; Lowry, R.C.; Pettit, J.E.; Stradling, P. Rifampicin-induced Immune Thrombocytopenia. BMJ 1970, 3, 24–26.

[CrossRef] [PubMed]
45. Bashir, H.; Mahdi, S.; Anand, A. Rifampcin-induced Thrombocytopaenia Purpura. Indian J. Chest Dis. Allied Sci. 2016, 58, 189–190.

[PubMed]
46. Van Assendelft, A.H. Leucopenia in rifampicin chemotherapy. J. Antimicrob. Chemother. 1985, 16, 407–408. [CrossRef] [PubMed]
47. De Vriese, A.S.; Robbrecht, D.L.; Vanholder, R.C.; Vogelaers, D.P.; Lameire, N.H. Rifampicin-associated acute renal failure:

Pathophysiologic, immunologic, and clinical features. Am. J. Kidney Dis. 1998, 31, 108–115. [CrossRef]
48. Sousa, G.; Carreiro, A.; Duarte, P. Rifampicin-induced disseminated intravascular coagulation: An antibody-mediated side effect.

Pulmonology 2021, 27, 269–272. [CrossRef]
49. Sugiyama, M. A case of agranulocytosis caused by rifampicin during treatment of tuberculous lymphadenitis in a chronic renal

failure patient. Kekkaku Tuberc. 2012, 87, 719–725.

http://doi.org/10.2147/IDR.S267997
http://doi.org/10.1309/AJCP4ZDKJ4ICOUAT
http://www.ncbi.nlm.nih.gov/pubmed/23690113
http://doi.org/10.1136/bcr-2012-006982
http://doi.org/10.1111/j.0954-6820.1967.tb10866.x
http://doi.org/10.1155/2014/865909
http://doi.org/10.1016/j.ajem.2018.10.027
http://www.ncbi.nlm.nih.gov/pubmed/30340990
http://doi.org/10.1016/S1130-1406(07)70063-3
http://doi.org/10.1160/TH04-09-0562
http://www.ncbi.nlm.nih.gov/pubmed/15841321
http://doi.org/10.1097/00007611-199001000-00019
http://doi.org/10.1001/archinte.1972.03650030066015
http://doi.org/10.1007/s11239-020-02211-7
http://doi.org/10.3947/ic.2019.51.2.142
http://doi.org/10.1136/bmjopen-2019-031402
http://doi.org/10.1183/13993003.01753-2020
http://www.ncbi.nlm.nih.gov/pubmed/32586889
http://doi.org/10.1016/j.amjms.2016.11.025
http://www.ncbi.nlm.nih.gov/pubmed/28183418
http://doi.org/10.1016/j.ejim.2015.04.011
http://www.ncbi.nlm.nih.gov/pubmed/25912822
http://doi.org/10.1016/j.thromres.2010.01.014
http://doi.org/10.1016/j.arbres.2018.04.005
http://www.ncbi.nlm.nih.gov/pubmed/29804948
http://doi.org/10.1007/s11239-019-01967-x
http://www.ncbi.nlm.nih.gov/pubmed/31606827
http://doi.org/10.1182/blood.V24.5.616.616
http://doi.org/10.1136/bcr-2018-226134
http://www.ncbi.nlm.nih.gov/pubmed/4746240
http://doi.org/10.1136/bmj.3.5713.24
http://www.ncbi.nlm.nih.gov/pubmed/5427483
http://www.ncbi.nlm.nih.gov/pubmed/30152654
http://doi.org/10.1093/jac/16.3.407-a
http://www.ncbi.nlm.nih.gov/pubmed/4055546
http://doi.org/10.1053/ajkd.1998.v31.pm9428460
http://doi.org/10.1016/j.pulmoe.2020.04.006


Microorganisms 2021, 9, 1477 14 of 15

50. Chouraqui, J.P.; Bessard, G.; Favier, M.; Kolodie, L.; Rambaud, P. Hémorragie par avitaminose k chez la femme enceinte et le
nouveau-né. Rôle éventuel de la rifampicine. A propos de 2 observations [Haemorrhage associated with vitamin K deficiency in
pregnant women and newborns. Relationship with rifampicin therapy in two cases]. Therapie 1982, 37, 447–450.

51. Neunert, C.E.; Paranjape, G.S.; Cameron, S.; Rogers, Z.R. Intravascular hemolysis following low dose daily rifampin.
Pediatr. Blood Cancer 2008, 51, 821–823. [CrossRef]

52. Chitre, M.M.; Berenson, C.S. Idiosyncratic Rifabutin-Induced Leukopenia and SIADH: Case Report and Review. Pharmacother.
J. Hum. Pharmacol. Drug Ther. 2001, 21, 493–497. [CrossRef]

53. Apseloff, G.; Fluids, G.; LaBoy-Goral, L.; Kraut, E.; Vincent, J. Severe neutropenia caused by recommended prophylactic doses of
rifabutin. Lancet 1996, 348, 685. [CrossRef]

54. Apseloff, G. Severe neutropenia among healthy volunteers given rifabutin in clinical trials. Clin. Pharmacol. Ther. 2003, 74,
591–592. [CrossRef] [PubMed]

55. Nicolini, A.; Perazzo, A.; Gatto, P.; Piroddi, I.M.G.; Barlascini, C.; Karamichali, S.; Strada, P. A rare adverse reaction to ethambutol:
Drug-induced haemolytic anaemia. Int. J. Tuberc. Lung Dis. 2016, 20, 704–705. [CrossRef]

56. Moon, K.M.; Han, M.S.; Chung, S.H.; Kim, J.R.; Kim, J.Y.; Jung, S.Y.; Cho, Y. Agranulocytosis Induced by Ethambutol in a Patient
with Pulmonary Tuberculosis. Tuberc. Respir. Dis. 2015, 78, 125–127. [CrossRef]

57. Rabinovitz, M.; Pitlik, S.; Halevy, J.; Rosenfeld, J. Ethambutol-Induced Thrombocytopenia. Chest 1982, 81, 765–766. [CrossRef]
58. Wong, C.F.; Yew, W.W.; Bertolet, B.D. Ethambutol-Induced Neutropenia and Eosinophilia. Chest 1994, 106, 1638–1639. [CrossRef]
59. Kant, S.; Verma, S.K.; Gupta, V.; Anand, S.C.; Prasad, R. Pyrazinamide induced thrombocytopenia. Indian J. Pharmacol. 2010, 42,

107–109. [CrossRef] [PubMed]
60. MacCurdy, R.K.; Simon, E.R. Thrombocytopenia and Sideroblastic Anemia with Pyrazinoic Acid Amide (Pyrazinamide) Therapy.

Chest 1970, 57, 378–381. [CrossRef] [PubMed]
61. Muranda, M.; Del Solar, J.A.; Jorquera, C.; Saavedra, L.; Pemjean, I. Anemia megaloblástica secundaria a pirazinamida

[Megaloblastic anemia caused by pyrazinamide]. Rev. Med. Chile 1973, 101, 151–154. [PubMed]
62. Scott, J.M. Eosinophilia in streptomycin therapy. Can. J. Med. Technol. 1950, 12, 160–167. [PubMed]
63. Passeron, T.; Ndir, M.C.; Aubron, C.; Hovette, P. Drug Rash with Eosinophilia and Systemic Symptoms (DRESS) Due to

Streptomycin. Acta Derm. Venereol. 2003, 84, 92–94. [CrossRef]
64. Nachman, R.; Javid, J.; Krauss, S. Streptomycin-Induced Hemolytic Anemia. Arch. Intern. Med. 1962, 110, 187–190. [CrossRef]

[PubMed]
65. Bensaid, B.; Rozieres, A.; Nosbaum, A.; Nicolas, J.-F.; Berard, F. Amikacin-induced drug reaction with eosinophilia and systemic

symptoms syndrome: Delayed skin test and ELISPOT assay results allow the identification of the culprit drug. J. Allergy Clin.
Immunol. 2012, 130, 1413–1414. [CrossRef] [PubMed]

66. Klipstein, F.A.; Berlinger, F.G.; Reed, L.J. Folate Deficiency Associated with Drug Therapy for Tuberculosis. Blood 1967, 29, 697–712.
[CrossRef] [PubMed]

67. Wurzel, H.A.; Mayock, R.L. Thrombocytopenia induced by sodium para-aminosalicylic acid: Report of a case. J. Am. Med. Assoc.
1953, 153, 1094–1095. [CrossRef]

68. Feigin, R.D.; Zarkowsky, H.F.; Shearer, W.; Anderson, D.C. Thrombocytopenia following administration of para-aminosalicylic
acid. J. Pediatr. 1973, 83, 502–503. [CrossRef]

69. Rab, S.; Alam, M.N. Severe agranulocytosis during para-aminosalicylic acid therapy. Br. J. Dis. Chest 1970, 64, 164–168. [CrossRef]
70. Bower, G. Skin Rash, Hepatitis, and Hemolytic Anemia Caused by Para-Aminosalicylic Acid. Am. Rev. Respir. Dis. 1964, 89,

440–443. [CrossRef]
71. Claps, F.X. Two cases of methemoglobinemia and acute hemolytic anemia with death following the ingestion of a solution of

para-aminosalicylic acid. Am. Rev. Tuberc. 1957, 76, 862–866.
72. Simmel, E.R. Methemoglobinemia due to aminosalicylic acid (PAS). Am. Rev. Respir. Dis. 1962, 85, 105–109. [CrossRef]
73. Álvarez Arroyo, L.; Perdiguero Gil, M.; Climent Grana, E.; Ordovás Baines, J.P. Trombocitopenia grave inducida por levofloxacino

[Severe levofloxacin-induced thrombocytopenia]. Farm. Hosp. 2007, 31, 253–254. [CrossRef]
74. Polprasert, C.; Prayongratana, K. Levofloxacin-induced severe thrombocytopenia. J. Med. Assoc. Thai. 2009, 92 (Suppl. 3),

S69–S71.
75. Kazi, S.; Preston, G.C. Drug induced thrombotic microangiopathy caused by levofloxacin. J. R. Coll. Physicians Edinb. 2018, 48,

127–129. [CrossRef] [PubMed]
76. Surana, S.P.; Sardinas, Z.; Multz, A.S. Moxifloxacin (Avelox) Induced Thrombotic Thrombocytopenic Purpura. Case Rep. Med.

2012, 2012, 1–3. [CrossRef] [PubMed]
77. Aster, R.H.; Curtis, B.R.; McFarland, J.G.; Bougie, D.W. Drug-induced immune thrombocytopenia: Pathogenesis, diagnosis, and

management. J. Thromb. Haemost. 2009, 7, 911–918. [CrossRef] [PubMed]
78. Hastings, R.C.; Jacobson, R.R.; Trautman, J.R.; Hastings, R.C.; Jacobson, R.R.; Trautman, J.R. Long-term clinical toxicity studies

with clofazimine (B663) in leprosy. Int. J. Lepr. Other Mycobact. Dis. 1976, 44, 287–293.
79. Queiroz, R.H.C.; De Souza, A.M.; Sampaio, S.V.; Melchior, E. Biochemical and hematological side effects of clofazimine in leprosy

patients. Pharmacol. Res. 2002, 46, 191–194. [CrossRef]
80. Winters, N.; Butler-Laporte, G.; Menzies, D. Efficacy and safety of World Health Organization group 5 drugs for multidrug-

resistant tuberculosis treatment. Eur. Respir. J. 2015, 46, 1461–1470. [CrossRef]

http://doi.org/10.1002/pbc.21709
http://doi.org/10.1592/phco.21.5.493.34488
http://doi.org/10.1016/S0140-6736(05)65109-4
http://doi.org/10.1016/j.clpt.2003.08.008
http://www.ncbi.nlm.nih.gov/pubmed/14663461
http://doi.org/10.5588/ijtld.15.0742
http://doi.org/10.4046/trd.2015.78.2.125
http://doi.org/10.1378/chest.81.6.765
http://doi.org/10.1378/chest.106.5.1638
http://doi.org/10.4103/0253-7613.64495
http://www.ncbi.nlm.nih.gov/pubmed/20711377
http://doi.org/10.1378/chest.57.4.378
http://www.ncbi.nlm.nih.gov/pubmed/5434719
http://www.ncbi.nlm.nih.gov/pubmed/4731775
http://www.ncbi.nlm.nih.gov/pubmed/24539986
http://doi.org/10.1080/00015550310006095
http://doi.org/10.1001/archinte.1962.03620200047009
http://www.ncbi.nlm.nih.gov/pubmed/14477776
http://doi.org/10.1016/j.jaci.2012.05.042
http://www.ncbi.nlm.nih.gov/pubmed/22840850
http://doi.org/10.1182/blood.V29.5.697.697
http://www.ncbi.nlm.nih.gov/pubmed/6023546
http://doi.org/10.1001/jama.1953.02940290056008
http://doi.org/10.1016/S0022-3476(73)80289-6
http://doi.org/10.1016/S0007-0971(70)80005-5
http://doi.org/10.1164/arrd.1964.89.3.440
http://doi.org/10.1164/arrd.1962.85.1.105
http://doi.org/10.1016/S1130-6343(07)75383-7
http://doi.org/10.4997/JRCPE.2018.206
http://www.ncbi.nlm.nih.gov/pubmed/29992202
http://doi.org/10.1155/2012/459140
http://www.ncbi.nlm.nih.gov/pubmed/22567017
http://doi.org/10.1111/j.1538-7836.2009.03360.x
http://www.ncbi.nlm.nih.gov/pubmed/19344362
http://doi.org/10.1016/S1043-6618(02)00086-5
http://doi.org/10.1183/13993003.00649-2015


Microorganisms 2021, 9, 1477 15 of 15

81. Huang, R.; Cai, G.-Q.; Zhang, J.-H.; Liu, F.-X.; Ma, J.-Q.; Liu, H.; Nie, X.-M.; Gui, R. Meropenem-induced immune thrombocytope-
nia and the diagnostic process of laboratory testing. Transfusion 2017, 57, 2715–2719. [CrossRef] [PubMed]

82. Aster, R.H.; Bougie, D.W. Drug-Induced Immune Thrombocytopenia. N. Engl. J. Med. 2007, 357, 580–587. [CrossRef]
83. Van Tuyl, J.S.; Jones, A.N.; Johnson, P.N. Meropenem-Induced Neutropenia in a Neonate. J. Pediatr. Pharmacol. Ther. 2016, 21,

353–357. [CrossRef]
84. Oka, S.; Shiragami, H.; Nohgawa, M. Intravascular Hemolytic Anemia in a Patient with Antibodies Related to Meropenem.

Intern. Med. 2015, 54, 1291–1295. [CrossRef]
85. Farinñas, M.C.; De Vega, T.; Garmendia, J.; González-Macías, J. Severe neutropenia in a patient treated with imipenem/cilastatin.

Eur. J. Clin. Microbiol. Infect. Dis. 1993, 12, 303–304. [CrossRef]
86. Alegre Herrera, S.; Quirós Valera, M.; Rodríguez Fernández, A. Trombocitopenia aguda por imipenem/cilastatina

[Imipenem/cilastatin-induced acute thrombocytopenia]. Med. Clin. 2001, 117, 197–198. [CrossRef]
87. Lesobre, R.; Oury, M.; Fiessinger, C.; Nocquet, Y. [Leukoneutropenia during treatment with isoniazid (3 cases) or ethionamide

(1 case)]. Rev. Tuberc. Pneumol. 1963, 27, 403–420.
88. Azzouz, A.; Preuss, C.V. Linezolid. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2021.
89. French, G. Safety and tolerability of linezolid. J. Antimicrob. Chemother. 2003, 51, ii45–ii53. [CrossRef] [PubMed]
90. Lee, E.Y.; Caffrey, A.R. Thrombocytopenia with Tedizolid and Linezolid. Antimicrob. Agents Chemother. 2018, 62. [CrossRef]
91. Birmingham, M.C.; Rayner, C.R.; Meagher, A.K.; Flavin, S.M.; Batts, D.H.; Schentag, J.J. Linezolid for the Treatment of Multidrug-

Resistant, Gram-Positive Infections: Experience from a Compassionate-Use Program. Clin. Infect. Dis. 2003, 36, 159–168. [CrossRef]
92. Tsuji, Y.; Holford, N.H.G.; Kasai, H.; Ogami, C.; Heo, Y.-A.; Higashi, Y.; Mizoguchi, A.; To, H.; Yamamoto, Y. Population

pharmacokinetics and pharmacodynamics of linezolid-induced thrombocytopenia in hospitalized patients. Br. J. Clin. Pharmacol.
2017, 83, 1758–1772. [CrossRef]

93. Kim, H.-S.; Lee, E.; Cho, Y.-J.; Lee, Y.J.; Rhie, S.J. Linezolid-induced thrombocytopenia increases mortality risk in intensive care
unit patients, a 10 year retrospective study. J. Clin. Pharm. Ther. 2018, 44, 84–90. [CrossRef]

94. Kakimoto, T.; Nakazato, T.; Miura, R.; Kurai, H.; Yamashita, D.; Sagara, Y.; Ishida, A. Sideroblastic anemia after prolonged
linezolid therapy. Rinsho Ketsueki 2008, 49, 1566–1568.

95. Ebeling, F.; Helminen, P.; Anttila, V.-J. Appearance of ring sideroblasts in bone marrow during linezolid therapy. Scand. J. Infect.
Dis. 2009, 41, 480–482. [CrossRef]

96. Willekens, C.; Dumézy, F.; Boyer, T.; Renneville, A.; Rossignol, J.; Berthon, C.; Cotteau-Leroy, A.; Mehiaoui, L.; Quesnel, B.;
Preudhomme, C. Linezolid induces ring sideroblasts. Haematologica 2013, 98, e138–e140. [CrossRef]

97. Gerson, S.L.; Kaplan, S.L.; Bruss, J.B.; Le, V.; Arellano, F.M.; Hafkin, B.; Kuter, D.J. Hematologic Effects of Linezolid: Summary of
Clinical Experience. Antimicrob. Agents Chemother. 2002, 46, 2723–2726. [CrossRef]

98. Letswee, G.; Kamau, H.; Gaida, R.; Truter, I. Haematological adverse effects associated with linezolid in patients with drug-
resistant tuberculosis: An exploratory study. Int. J. Pharm. Pract. 2019, 27, 575–577. [CrossRef]

99. Sotgiu, G.; Pontali, E.; Migliori, G.B. Linezolid to treat MDR-/XDR-tuberculosis: Available evidence and future scenarios.
Eur. Respir. J. 2015, 45, 25–29. [CrossRef]

100. Agyeman, A.A.; Ofori-Asenso, R. Efficacy and safety profile of linezolid in the treatment of multidrug-resistant (MDR) and extensively
drug-resistant (XDR) tuberculosis: A systematic review and meta-analysis. Ann. Clin. Microbiol. Antimicrob. 2016, 15, 41. [CrossRef]

101. Palmieri F per il Gruppo di Lavoro Tubercolosi-INMI “L. Spallanzani”. Percorso Diagnostico Terapeutico Assistenziale Sulla
Gestione del Paziente con Infezione/Malattia Tubercolare. Revisione N. 8/Gennaio 2020. Available online: http://www.inmi.it/
servizio/protocolli_e_linee_guida (accessed on 25 May 2021).

102. Di Gennaro, F.; Vittozzi, P.; Gualano, G.; Musso, M.; Mosti, S.; Mencarini, P.; Pareo, C.; Di Caro, A.; Schininà, V.; Girardi, E.;
et al. Active Pulmonary Tuberculosis in Elderly Patients: A 2016–2019 Retrospective Analysis from an Italian Referral Hospital.
Antibiotics 2020, 9, 489. [CrossRef]

http://doi.org/10.1111/trf.14267
http://www.ncbi.nlm.nih.gov/pubmed/28782250
http://doi.org/10.1056/NEJMra066469
http://doi.org/10.5863/1551-6776-21.4.353
http://doi.org/10.2169/internalmedicine.54.3385
http://doi.org/10.1007/BF01967266
http://doi.org/10.1016/S0025-7753(01)72059-3
http://doi.org/10.1093/jac/dkg253
http://www.ncbi.nlm.nih.gov/pubmed/12730142
http://doi.org/10.1128/AAC.01453-17
http://doi.org/10.1086/345744
http://doi.org/10.1111/bcp.13262
http://doi.org/10.1111/jcpt.12762
http://doi.org/10.1080/00365540902971203
http://doi.org/10.3324/haematol.2013.092395
http://doi.org/10.1128/AAC.46.8.2723-2726.2002
http://doi.org/10.1111/ijpp.12543
http://doi.org/10.1183/09031936.00145014
http://doi.org/10.1186/s12941-016-0156-y
http://www.inmi.it/servizio/protocolli_e_linee_guida
http://www.inmi.it/servizio/protocolli_e_linee_guida
http://doi.org/10.3390/antibiotics9080489

	Introduction 
	Materials and Methods 
	Blood Count Impairment in Active TB 
	Anemia 
	White Blood Cell Disorders (WBC) 
	Platelet Disorders 

	Rare Hematological Manifestations in Active TB 
	Henoch–Schönlein Purpura 
	Pancytopenia 
	Immune Hemolytic Anemia 
	Myelofibrosis 
	Hemophagocytic Lymphohistiocytosis 
	Leukaemoid Reaction 
	Hemophagocytic Syndrome 
	Disseminated Intravascular Coagulation 
	Thromboembolism 

	Hematologic Adverse Event Associated with TB Treatment 
	Isoniazid 
	Rifamycins (Rifampicin, Rifabutin and Rifapentine) 
	Ethambutol 
	Pyrazinamide 
	Streptomycin 
	Amikacin 
	Cycloserine 
	Para-Aminosalicylic Acid 
	Levofloxacin and Moxifloxacin 
	Clofazimine 
	Meropenem/Imipenem 
	Delamanid 
	Thioamides 
	Linezolid 
	Bedaquiline 

	Conclusions and Recommendations 
	References

