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Focusing on clarithromycin quadruple therapy and 
bismuth quadruple therapy, the investigators found only 
transient increases in antimicrobial resistance. On the 
other hand, they report sustained perturbation of the 
gut microbiome, even 1 year after treatment, as well as a 
small amount of weight gain, although without apparent 
metabolic consequences.

With this work, Liou and colleagues have made 
substantial inroads into understanding unintended 
consequences of screen-and-treat programmes. However, 
their results are only marginally reassuring; much more 
needs to be learned about the immunological, metabolic, 
and, particularly, microbiological consequences of H pylori 
treatment. Most importantly, the paper only scrapes the 
surface of antimicrobial resistance, looking at only faecal 
organisms and not organisms that might gain resistance 
to the antibiotics typically used for H pylori eradication (ie, 
metronidazole, tetracycline, and clarithromycin). In this 
era of rapidly increasing and life-threatening antimicrobial 
resistance, it is sobering to think that a macrolide—one 
of the few remaining alternatives for treating extremely 
drug-resistant typhoid7—might be widely used in healthy 
adults to prevent a disease that will only afflict a small 
percentage. In future studies, a metagenomic approach to 
resistance profiling could give more granular, actionable 
information on the effects of therapy on antimicrobial 
resistance.8

These remaining, hypothetical concerns, however 
important, need to be balanced with the incidence and 

lethality of gastric malignancy. For those million people 
who will acquire gastric cancer each year, we need to move 
forward cautiously but undaunted.
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Complex task to estimate immune responses to various 
poliovirus vaccines and vaccination schedules

Since licensing of the first poliovirus vaccine in 1955, 
multiple types of live attenuated oral poliovirus vaccines 
(OPVs) and inactivated poliovirus vaccines (IPVs) have 
been tested or licensed for routine childhood vaccination 
schedules. IPVs have been manufactured by inactivating 
the three serotypes of different poliovirus seed strains, 
either the wild or the Sabin polioviruses, the latter of 
which is used for manufacturing OPVs.1 IPVs have also 
been used with different routes of administration and 
doses, and have been given at different ages.

WHO’s Strategic Advisory Group of Experts (SAGE) 
on immunisation provides global recommendations 

for routine poliovirus vaccination. However, technical 
advisory committees of individual countries have often 
recommended alternative schedules with variations 
in the age of administration, number of doses, and 
combinations with other vaccines. Therefore, there 
is wide variation in routine poliovirus vaccination 
schedules.2 This discrepancy has led to the need for trials 
that test the immunogenicity of poliovirus vaccines in 
different combinations and using different vaccination 
schedules. In low-income countries, where poliovirus 
transmission is largely faecal–oral, it is important for 
children to develop both robust intestinal immunity, 
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which prevents transmission of polioviruses, and 
humoral immunity, which protects them from para-​
lytic poliomyelitis. Therefore, the review of poliovirus 
vaccines by Grace Macklin and colleagues3 in The Lancet 
Infectious Diseases that reports on humoral and intestinal 
mucosal immunity is comprehensive.

Multiple reviews and meta-analyses4,5 have studied the 
immunogenicity of different combinations of poliovirus 
vaccines and strains under different vaccination 
schedules. The review by Macklin and colleagues is a 
valuable addition to the scientific literature because 
it applies the innovative network meta-analysis 
methodology to estimate the immunogenicity of 
different OPV and IPV schedules. Network meta-analysis 
allows indirect comparisons of interventions that have 
not been included in head-to-head comparisons, and 
thus should be helpful to assess the immunogenicity 
of the wide variety of vaccines and schedules in the 
literature on poliovirus vaccines. 

Overall, the results reported by Macklin and colleagues 
summarise those reported by others,3 including the 
inability of IPVs to induce intestinal mucosal immunity 
in the absence of previous exposure to live poliovirus. 
The average proportion of individuals who developed 
intestinal mucosal immunity to type 2 poliovirus was 
similar following three doses of bivalent OPV (bOPV) 
with types 1 and 3 (30%) to that of three doses of 
bOPV with IPV (25%). Additional IPV doses did not 
enhance intestinal mucosal immunity. This finding is 
relevant for outbreak-response vaccination, particularly 
for outbreaks of type 2 vaccine-derived poliovirus. 
Type 2 OPV was withdrawn from routine vaccination in 
April, 2016, and is now maintained in a global stockpile 
for outbreak response. Although countries have used 
IPVs for responding to outbreaks of type 2 vaccine-
derived poliovirus,6 the use of IPVs should be planned 
considering possible previous vaccination with type 2 
OPV, as IPV does not induce intestinal immunity, which 
is important for reducing faecal–oral transmission.

Macklin and colleagues also reported that a single IPV 
dose improves humoral immunity against serotype 2, 
with small additive value of a second IPV dose. The policy 
implications of this finding are unclear,7,8 as other studies 
have reported opposing results.9 After administration 
of one IPV dose, few participants show evidence of 
seroconversion, but more of them are primed to express 
a rapid immune response when challenged by another 

dose of poliovirus vaccine.3 This effect mimics a possible 
scenario when a person vaccinated with a single dose of 
IPV is immunologically challenged by wild poliovirus.7,8 
However, it is not certain if IPV priming is protective; an 
investigation9 done during a poliovirus outbreak showed 
a large difference in the effectiveness of one versus 
two IPV doses, which is not consistent with priming 
being immunologically equivalent to seroconversion. 
Furthermore, research in macaques has shown that the 
potential immunological effect of a single IPV dose might 
be time-limited.10 Although both a single intramuscular 
full IPV dose and an intradermal one-fifth fractional IPV 
dose led to the formation of memory B cells, no circulating 
memory B cells could be detected after 5 months. Multiple 
IPV doses were essential to form memory B cells that 
could be detected for at least 16 months. 

Macklin and colleagues reported that there are small 
differences in the immunogenicity of different types 
of IPVs, including those from alternative seed strains 
or that use different doses or routes of administration. 
This finding should be reassuring to countries that 
are considering two doses of fractional intradermal 
IPV instead of two full IPV doses. Uptake of fractional 
(one-fifth of the full dose) intradermal IPV has been slow 
and restricted to a few countries (eg, India, Bangladesh, 
Nepal, and Sri Lanka), despite a SAGE recommendation 
affirming the immunogenicity of two doses of fractional 
intradermal IPV. Unforeseen IPV production challenges 
lead to global IPV supply shortages. Intradermal IPV 
offers a much-needed alternative to stretch short IPV 
supplies to vaccinate more children. 
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Healthy survival after tuberculosis
WHO estimates that 1·6 million people die each 
year before or during tuberculosis treatment. In 
The Lancet Infectious Diseases, Kamila Romanowski and 
colleagues’1 meta-analysis showed that tuberculosis 
survivors have approximately three-times to four-times 
greater mortality than their local populations, including 
among younger adults. These transformative findings 
show that tuberculosis, already the most frequent cause 
of death from a single infectious agent, is associated 
with even greater mortality than current estimates. 
This excessive tuberculosis-associated mortality and 
the proposed pathways that might explain it are 
summarised in the figure.

Each year, millions of tuberculosis cases are believed to 
be missed and, globally, 18% of tuberculosis treatments 
are unsuccessful, explaining some of the tuberculosis-
associated deaths.2 Tuberculosis recurrence is a potential 
pathway to mortality after tuberculosis, regardless 
of apparent treatment success or whether recurrence 
is diagnosed and treated. Recurrence due to relapse 
is especially probable when treatment is inadequate 
because of non-completion, intermittent adherence, or 
inappropriate treatment with drugs to which a patient’s 
tuberculosis is resistant.3 Recurrence might also be 
caused by reinfection in households, communities, 
or health-care facilities.4 These issues emphasise the 
importance of global efforts to increase case-finding, 
treatment success, rapid drug-susceptibility testing, and 
infection control.2,5

Although tuberculosis diagnosis and assessment of 
cause of death are notoriously unreliable in the resource-
constrained settings where most tuberculosis cases 
occur,6 the available data suggest that most deaths after 
tuberculosis are not caused by recurrence.1 Sequelae 
of tuberculosis, such as residual or secondary lung 
diseases, might cause death7,8 independently of apparent 
treatment success. These deaths could occur either 

directly through respiratory failure, indirectly through 
cardiovascular effects (such as pulmonary hypertension),9 
or through as-yet uncharacterised mechanisms that 
might explain increased ischaemic heart disease and 
cancers after tuberculosis.10

Comorbidities and social determinants (eg, HIV 
infection, smoking, and poor living conditions) 
predispose to tuberculosis recurrence and sequelae,11 
and also often cause death by mechanisms completely 
unrelated to tuberculosis, potentially explaining much 
of the excess mortality during and after tuberculosis.12 
Furthermore, comorbidities and social determinants 
are often worsened by the psychosocial and economic 
challenges of tuberculosis illness, treatment, and 
associated catastrophic costs, constituting a vicious 
cycle leading to, and being worsened by, tuberculosis.13

Tuberculosis treatment has saved millions of lives,2 
but drug toxicity also contributes to excess mortality 
after treatment, as evidenced by the harmful effects 
of months of multidrug treatment on liver, kidney, 
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Figure: Schematic indicating potential pathways explaining tuberculosis-associated mortality
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