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Objectives: C-reactive protein (CRP) and procalcitonin (PCT) are widely used biomarkers in high-income coun-
tries. However, evidence for their use in low- and middle-income countries (LMICs) is scant. Because many fac-
tors, including rates of endemic disease, comorbidities and genetics, may influence biomarkers’ behaviour, we
aimed to review available evidence generated in LMICs.

Methods: We searched the PubMed database for relevant studies within the last 20 years that originated in re-
gions of interest (Africa, Latin America, Middle East, South Asia or South East Asia), and full-text articles involving
diagnosis, prognostication and evaluation of therapeutic response with CRP and/or PCT in adults (n=88) were
reviewed and categorized in 12 predefined focus areas.

Results: Overall, results were highly heterogeneous, at times conflicting, and often lacking clinically useful cut-
off values. However, most studies demonstrated higher levels of CRP/PCT in patients with bacterial versus other
infections. HIV and TB patients had consistently higher levels of CRP/PCT versus controls. In addition, higher CRP/
PCT levels at baseline and follow-up in HIV, TB, sepsis and respiratory tract infections were associated with
poorer prognosis.

Conclusions: Evidence generated from LMIC cohorts suggests that CRP and PCT may have potential to become
effective clinical guiding tools particularly in respiratory tract infections, sepsis and HIV/TB. However, more stud-
ies are needed to define potential scenarios for use and cost-effectiveness. Consensus across stakeholders re-
garding target conditions, laboratory standards and cut-off values would support the quality and applicability of

future evidence.

Introduction

The biomarkers C-reactive protein (CRP) and procalcitonin (PCT)
have been used in clinical practice as tools to guide both diagno-
sis (negative predictive value of low CRP/PCT for bacterial infec-
tion), prognosis and antibiotic de-escalation (decreasing trend
of CRP/PCT, mainly in acute respiratory infection). However,
most of the evidence comes from high-income countries
(HICs).'~?

Low- and middle-income countries (LMIC) settings are hetero-
geneous, with differing baseline rates of endemic disease and co-
morbidities such as malaria, which, combined with genetic
factors, may mean that biomarkers behave differently than in
HICs, where most evidence has been generated. For example,

healthy adult males in Ghana were found to have a slightly lower
baseline CRP compared with European counterparts (0.98 versus
1.52 mg/L).* However, evidence from populations in LMICs sug-
gests that use of CRP and PCT may avert unnecessary antibiotic
use and improve patient outcomes in these settings as well.”™
There are barriers to implementation, including cost. More re-
cently, point-of-care testing (POCT), e.g. immunochromato-
graphic methods, have been piloted also in primary care
settings with evidence of potential feasibility also on a larger
scale due to their reduced costs. More evidence to support the
use of point-of-care CRP/PCT in acute febrile illnesses in
sub-Saharan Africa and LMICs elsewhere is urgently needed.*®
We performed a narrative review of existing evidence from
LMICs on the utility of CRP and PCT in various clinical conditions.
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Methods

Using MeSH (Medical Subject Headings) terms and a Cochrane Database
LMIC filter,!* we aimed at identifying studies from within the last 20 years
that used biomarkers in adult populations (19 years and above) in LMIC
settings for diagnosis, prognostication and evaluation of therapeutic re-
sponse. The initial search yielded 83376 articles using PCT or CRP in hu-
mans. After using the LMIC filter and excluding paediatric studies, the
remaining 10598 articles were considered for inclusion if they fell into 1
of 12 predefined focus areas (Table S1, available as Supplementary
data at JAC-AMR Online) and selected 2033 articles. We subsequently ex-
cluded studies that were not from LMICs, publications not in English,
French or Spanish, reviews, case reports, studies outside geographical re-
gions of interest (Africa, Latin America, Middle East, South Asia or South
East Asia), articles where full text was unavailable, and articles focusing
on COVID-19. Abstracts of the remaining 108 relevant publications
were screened by three independent reviewers, and 88 of these were in-
cluded in the final review (Figure 1). The articles were categorized by use
of biomarkers in diagnosis and prognostication, and further assigned to at
least 1 of 12 predefined focus areas.

Given the heterogeneity of the results, key findings were summarized
in a narrative format. Laboratory values were converted to units of mg/L
for CRP and ng/mL for PCT. When available, our review focused on object-
ive and clinically applicable measures of diagnostic validity, such as bio-
marker cut-offs, sensitivity, specificity and predictive values (Table 1).

Results
CNS infections
Diagnosis

CRP was higher in patients with bacterial meningitis (mean
209.25 mg/L) compared with viral meningitis (mean 67.05 mg/L)
(Thailand).'? PCT was higher in bacterial compared with aseptic
meningitis (Egypt).*?
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Figure 1. Flowchart of inclusion/exclusion of publications for review.

Treatment response

Patients with bacterial meningitis who responded to treatment
had a decline in PCT after 24 h whereas those failing treatment
had an increase (Iran).**

Cardiovascular infections
Diagnosis

Among patients with suspected endocarditis, elevated CRP was
97.9% sensitive for bacterial endocarditis (negative predictive va-
lue 87.5%) (South Africa).'® In Brucella endocarditis, the average
CRPwas 22.1 mg/L and, together with ESR (erythrocyte sedimen-
tation rate), it was the only significant altered blood test in the
study cohort (Turkey).*®

Prognosis

Infective endocarditis with a CRP greater than 40 mg/L had a sen-
sitivity of 76% and a specificity of 99% for complications (includ-
ing need for urgent surgery due to embolic phenomena), and was
associated with increased in-hospital mortality and 6 month
mortality (India).!’

Respiratory tract infections
Diagnosis, outpatients

A CRP below 20 mg/L was associated with a low likelihood of
acute bacterial aetiology requiring antibiotics, and using this cut-
off decreased antibiotic prescribing by 14% (Vietnam).*® Using a
threshold of 40 mg/L led to a reduction in antibiotic use with no
difference in clinical outcomes (Myanmar, Thailand).’

Diagnosis, inpatients

A CRP above 71 mg/L was associated with pneumococcal infec-
tion in patients admitted with community-acquired pneumonia
(CAP) (Togo).'® PCT was mildly elevated among patients with
acute chronic obstructive pulmonary disease (COPD) exacerba-
tions compared with COPD patients without exacerbations
(mean 0.27 versus 0.07 ng/mL) (Iran).?® Among people living
with HIV (PLWH), PCT was higher in bacterial pneumonia com-
pared with TB and Pneumocystis jirovecii pneumonia (PJP)
(South Africa).’* A more recent study found significant differ-
ences in both biomarkers among bacterial pneumonia, TB and
PJP in PLWH, but with too much overlap between groups to reli-
ably differentiate cause of infection (South Africa).??

Prognosis

CRP and PCT were significantly higher in non-survivors compared
with survivors (mean 76 versus 36 mg/L, and 2 versus 1.08 ng/
mL) (India).?* CRP was higher in CAP among PLWH compared
with HIV-negative patients (59.5 versus 20.1 mg/L), and higher
CRP was associated with short-term mortality (Uganda).?* High
mean admission CRP indicated risk of bacterial pneumonia (above
180 mg/L), septic shock (above 210 mg/L) and requirement of
mechanical ventilation (above 280 mg/L), and lack of CRP decline
within 3 days of hospitalization was associated with high risk of
complications (Chile).>> Higher PCT was associated with risk of
death in bacterial CAP (13.2 versus 3.4 ng/mL in survivors)
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(Egypt).?® PCT elevation greater than 0.5 ng/mL was an independ-
ent predictor of mortality for PLWH with pneumonia (Uganda).?’
PCT was a significant predictor of in-hospital mortality in
ventilator-acquired pneumonia (VAP) (Brazil).?®

Treatment response

In patients with VAP responding to treatment, PCT and CRP began
declining at 48 and 72 h, respectively (Iran).’® The combination
of a low clinical pulmonary infection score (a validated score to
predict the likelihood of VAP) plus a PCT below 0.5 ng/mL on
Day 8 was a safe indication for discontinuation of antibiotics in
VAP (Thailand).?° Patients with VAP and serial PCT measurements
had on average 1.25 fewer days on antibiotics without increased
mortality when compared with controls when discontinuation
was based on 80% decrease to below 0.5 ng/mL, or any decrease
below 0.25 ng/mL (Malaysia).**

Intra-abdominal infections including gastrointestinal
and hepatobiliary

Diagnosis

Elevated CRP was an independent predictor of bacterial infection
among admitted patients with liver cirrhosis (Egypt).>? Elevated
PCT was associated with abdominal sepsis (most commonly
appendicitis) (Mexico).?® Patients with abdominal sepsis had
higher CRP than those with pulmonary sepsis (mean 178 versus
149 mg/L) (Brazil).**

Genitourinary
Diagnosis

CRP levels in pyelonephritis were often greater than 200 mg/L
and were not affected by the presence of diabetes (India).?”
CRP levels in lower urinary tract infection (UTI) were not altered
by pregnancy (Cameroon).*® In males admitted with UTI the me-
dian CRP level was 22.3 mg/L (India).?’

Musculoskeletal infections
Diagnosis

Patients with acute osteomyelitis and joint infections caused by
MRSA had CRP levels greater than 13.9 mg/L (India).*® Patients
with septic arthritis all had CRP levels greater than 75 mg/L
(mean 132.5 mg/L) (India).*°

Treatment response

CRP was elevated (mean 257 mg/L, range 60-980 mg/L) in pa-
tients with spondylodiscitis (bacterial, brucellar, mycobacterial,
culture-negative) of more than 4 months duration, and de-
creased after 2 weeks of treatment to indicate response
(Egypt).“® CRP decreased with treatment in severe odontogenic
infections (India).**

Skin and soft tissue infections
Diagnosis

APCTabove 0.5 ng/mL had moderate sensitivity (54%) and excel-
lent specificity (100%) for the diagnosis of infected diabetic foot
ulcers, and outperformed CRP, WBC count and erythrocyte sedi-
mentation rate in this setting (India).*’ In patients with severe
snake bites, PCT did not increase over time (0.29 ng/mL), support-
ing clinical suspicion of toxin-mediated inflammation and with-
holding antibiotics in patients with local manifestation
mimicking those due to bacterial infection (India).*?

Sepsis and bloodstream infections
Diagnosis, CRP

CRP was elevated on average to 67 mg/L in septic patients in their
first day of admission to the ICU (Eqypt).** Patients with sepsis in
the setting of UTI, pneumonia or soft tissue infection had a mean
CRP of 89 mg/L (Iran).*® Patients with septic shock from pneumo-
nia or UTT had a mean CRP of 29 mg/L (Pakistan).“® Patients older
than 65 years with sepsis had a mean CRP of 58 mg/L (Iran).*’
Prolonged fever in dengue (>5 days) with subsequent bacter-
aemia was associated with higher peak CRP (mean 600 com-
pared with 160 mg/L in prolonged fever without bacteraemia)
(Sri Lanka).”®

Diagnosis, PCT

PCT was higher in sepsis with confirmed positive culture in blood,
urine, sputum or other body fluid (2.2 versus 1.3 ng/mL), and a
cut-off of 2.2 ng/mL was 98% sensitive and 89% specific for cul-
ture positivity (India).*® A PCT cut-off of 2 ng/mL was moderately
sensitive (86%) and specific (95%) for sepsis (India).”® A PCT
greater than 10 ng/mL (mean 30 ng/mL) was associated with
septic shock, and higher PCT was associated with positive blood
cultures (Iran).>?

Prognosis

A PCT greater than 7 ng/mL on ICU admission was associated
with mortality (India).>* Non-survivors in sepsis had rising PCT
on Days 1-5 compared with those surviving (India).>®> Among pa-
tients with acute respiratory distress syndrome from pneumonia
and malaria, PCT was lower in survivors versus non-survivors (1.1
versus 2 ng/mL), as was CRP (36 versus 76 mg/L) (India).?® PCT
did not predict all-cause mortality in an ICU population admitted
for infectious and non-infectious conditions (India).>*

Treatment response

Patients responding to treatment had a decrease in mean PCT
from 9 to 5ng/mL at 24 h (Iran).>®> No difference in mortality
was noted compared with standard care by withholding antibio-
tics in patients with suspected sepsis admitted to ICU with a low
value of PCT at admission (less than 2 ng/mL) and serial follow-up
measurements (Iran).®
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Undifferentiated febrile illness
Diagnosis

A CRP cut-off of 10 mg/L was 95% sensitive and 49% specific for
bacterial versus viral illness; increasing the cut-off to 20 mg/L
lowered the sensitivity (86%) and increased the specificity
(67%), and a PCT cut-off of 0.1 ng/mL was 90% sensitive and
39% specific (Laos, Thailand).>” In patients with undifferentiated
fever on presentation, a low CRP (median 12.5 mg/L) was asso-
ciated with viral compared with bacterial aetiology (median
139.5 mg/L). Median PCT in viral and bacterial undifferentiated
febrile illness was 0.3 and 2.6 ng/mlL, respectively (Thailand).®

HIV

This section includes publications addressing CRP and PCT related
to HIV itself. Data on specific other conditions in PLWH have been
described in other sections.

General issues and prognosis

PCT levels were not elevated in asymptomatic untreated HIV in-
fection compared with controls (South Africa).>® A CRP above
12 mg/L was associated with a CD4 count of <350 cells/mm?
(India).®® Elevated CRP was linked with disease severity in
AIDS-related diarrhoea, and associated with short-term mortal-
ity in PLWH (Zambia).°® A CRP above 15 mg/L was associated
with increased 90 day mortality among malnourished adults ini-
tiating ART (Zambia).®> A CRP above 10 mg/L at the time of ART
initiation was associated with TB, bloodstream infection and
early mortality (Malawi).®® A pre-ART elevated CRP was a strong
predictor of death in advanced HIV (South Africa).®* The mortality
rate in malnourished PLWH increased with baseline CRP and was
five times higher with a measurement above 160 mg/L com-
pared with below 10mg/L (Tanzania, Zambia).®® Elevated
baseline CRP was associated with immune reconstitution inflam-
matory syndrome and increased mortality after ART initiation
(Thailand, Kenya, South Africa).®®¢’

Treatment response

PLWH had elevated CRP prior to initiating ART compared with
HIV-negative controls; this varied by country of origin, and
post-ART CRP declined but did not completely normalize
(Kenya, South Africa, Nigeria, Uganda, Zambia).®® Higher CRP
was associated with HIV infection with more advanced immune
suppression, but ART was not associated with a decrease in CRP
(Rwanda).®®

B
Diagnosis

Patients with TB had elevated CRP compared with controls (South
Africa, Malawi, The Gambia, Namibia, Uganda),”® with a sensitivity
of 82% and specificity of 90% when using a cut-off of 9 mg/L
(South Africa).”* Mean baseline CRP in smear-positive TB was ele-
vated compared with controls (6.74 compared with 3.18 mg/L)
(India).”

Diagnosis, PLWH

A CRPabove 5 mg/L was associated with TB unmasking at ART ini-
tiation (Uganda).”® CRP above 10 mg/L was 89% sensitive and
72% specific for TB in PLWH with CD4 <350 cells/mm? (Uganda)
and was associated with TB (Malawi).6>’% CRP was elevated in
TB, and more so in HIV-positive (mean 44.7 mg/L) than
HIV-negative (mean 3.67 mg/L) patients, compared with con-
trols (1.4 mg/L) (India).”> Using a CRP above 8 mg/L as a criterion
for TB testing with GeneXpert in PLWH decreased cost and num-
ber of tests by around 50% without lowering overall sensitivity
(Uganda).”® Average CRP among GeneXpert-positive PLWH was
15.7 mg/L compared with 1.1 mg/L in GeneXpert-negative con-
trols (Mozambique).”” PLWH with TB had higher CRP levels if
smear- or GeneXpert-positive (50 mg/L and 49.5 mg/L, respect-
ively) compared with patients who were only positive by culture
(9.1 mg/L), and PCT was low amongst all patients (Ethiopia).”®
A CRP above 5mg/L had sensitivity of 98% and specificity of
59% for smear-negative TB in a population with high HIV preva-
lence (South Africa).”® A CRP below 1.5 mg/L excluded TB among
a cohort of PLWH (South Africa).®° Average CRP among PLWH with
TB admitted to the hospital was 140 mg/L compared with 69 mg/L
in PLWH without TB (Ugondo).81 CRP elevation correlated with
volume of TB-affected lung on 3D CT reconstructions (Brazil).®?

Prognosis

In PLWH with TB, a CRP above 50 mg/L was associated with high-
er mortality, disseminated disease and increased mycobacterial
load (South Africa).®° Failure of CRP to decrease to below 55%
of baseline value at Week 2 predicted hospitalization or death
among symptomatic TB patients initiating treatment (South
Africa).®® CRP correlated with disease severity and mortality
(Guinea Bissau).®* Among PLWH with TB, non-survivors had high-
er PCT than survivors (mean 8.28 versus 1.31 ng/mL) (South
Africa).®®

Treatment response

Mean baseline CRP in smear-positive TB decreased to 4.4 mg/L at
2 months of treatment (India).”? After 2 months of treatment for
smear-positive TB, the mean CRP decreased from 64 to 12 mg/L
(Indonesia).8® CRP declined with treatment (South Africa).”?

Malaria
Diagnosis

CRP was higher in malaria than dengue fever, and a cut-off of
5 mg/L had a sensitivity of 99.5% and specificity of 35% (French
Guiana).®’ Patients with intestinal protozoan and malarial coin-
fection did not have increased CRP compared with those infected
with malaria alone (Brazil).®® Median CRP was similar in patients
with subclinical parasitaemia (0.66 mg/L) and healthy matched
controls (0.52 mg/L) (Thailand).®®

Diagnosis, pregnancy

Of asymptomatic pregnant women, 31.3% tested positive for
malaria, yet only 6% of these had a CRP above 15 mg/L
(Malawi).”® Of 528 pregnant women, 51% had a CRP above
6 mg/L, and 82% of these had a positive test for malaria
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compared with 31% in the total cohort (Ghana).?* A higher CRP le-
vel was associated with a degree of anaemia but not with a micro-
scopic diagnosis of malaria in pregnant women (Tanzania).>? CRP
was elevated in microscopic but not submicroscopic Plasmodium
falciparum malaria (average 34 versus 7 mg/L) (Gabon).”* In
patients with asymptomatic placental P. falciparum malaria, aver-
age CRP was 60.2 compared with 18.5 mg/L in those without infec-
tion, and a cut-off of 30.5 mg/L had a sensitivity of 73.9% and a
specificity 68.3% (Malawi).”

Prognosis

In patients with P. falciparum malaria, CRP increase was asso-
ciated with severity of organ dysfunction and mortality (mean
47.1 mg/L compared with 16.4 mg/L in survivors), and a CRP
greater than 35 mg/L had a sensitivity above 95% for mortality
(India).?® Mean CRP varied with severity of Plasmodium vivax mal-
aria: deaths 34.4 mg/L, severe malaria survivors 13.2 mg/L, un-
complicated cases 15.5 mg/L, asymptomatic cases 7.9 mg/L,
and endemic controls 5.2 mg/L (Brazil).’® The CRP level was
slightly higher in severe P. falciparum malaria (20 mg/L) com-
pared with uncomplicated malaria (14 mg/L) and healthy con-
trols (1 mg/L) (India).?’

Treatment response

Of symptomatic patients with P. vivax or P. falciparum malaria,
87% had elevated CRP (mean 27.8 mg/L), which decreased
with successful therapy (mean 3 mg/L on Day 15) (Brazil).?®

Discussion

CRP and PCT both have the potential to improve clinical outcomes
and antimicrobial stewardship in LMICs. Notable areas where
available data are particularly promising are the diagnosis of bac-
terial respiratory infections, sepsis and TB, and in monitoring re-
sponse to treatment in these infections.

In the outpatient setting, using low CRP measurements to
support withholding antibiotics for respiratory symptoms is per-
haps the most straightforward specific area of implementation,
although it would require POCT in order to be practically useful
and have added value compared with clinical indicators alone.
High concentrations of both CRP and PCT could also help identify
patients at risk of adverse outcome of respiratory tract infection
who are in need of admission or closer outpatient follow-up.

In the inpatient setting, CRP and PCT should be interpreted in
the light of clinical findings and ideally together with a range of
additional tests such as culture of blood and respiratory speci-
mens and biochemical markers of organ dysfunction. The ab-
sence of these additional paraclinical safety nets in many
LMICs is an important limitation in the implementation of CRP/
PCT for both diagnosis and monitoring purposes. This is particu-
larly important in the diagnostic workup and treatment monitor-
ing in sepsis, where mortality is high and the consequence of
withholding effective treatment can be fatal.

In TB, CRP has the specific potential to rationalize the use of
more expensive diagnostic tests, and WHO recently recom-
mended CRP as one of the screening tools for TB.” The cost-
effectiveness of this strategy should be evaluated.

There are important limitations to this review. The general lack
of well-defined cut-off values validated in more than one setting
will be an important limiting factor in the practical implementa-
tion of both CRP and PCT. Half of the included publications were
carried out in only three countries—South Africa, India and
Uganda (Table 1). In addition, there was a high degree of meth-
odological heterogeneity between studies. Some studies used
different definitions of normal range measurements, most stud-
ies did not include laboratory cut-offs for normal, different assays
were used, some studies used non-standard units when report-
ing CRP and PCT, and some did not include any units and authors
had to be contacted for this information. Finally, studies with a fo-
cus on COVID-19 were excluded from the review. The impact of
the pandemic may change the future generalizability of studies
of respiratory tract infections and may also mean less available
funding for implementation of new laboratory tests in LMICs.

Despite numerous limitations, there were consistent results
across many areas, and almost half of identified publications
were from the last 5 years, perhaps indicating increasing interest
and availability of CRP and PCT in LMICs. Consensus across stake-
holders regarding target-conditions and laboratory standards, in
particular cut-off values, would support the quality and applic-
ability of future evidence.
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